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Halostibines and halobismuthines EMenX3-n (E = Sb, Bi; X = Cl, Br; n = 1, 2) display both Lewis 
acidic and Lewis basic characteristics. A series of adducts with neutral N- and O-donor 
ligands, [EMeX2(L)] (L = 2,2’-bipyridine, 1,10-phenanthroline, tetramethylethylenediamine) 
and [SbMeX2(L)2] (L = Ph3PO, Me3PO) were isolated and characterised by X-ray 
crystallography, 1H (and where appropriate 31P{1H}) NMR spectroscopy and microanalysis. 
Each complex is monomeric, displaying a distorted square pyramidal geometry around E, 
with two basal cis halides and the Me group apical. Combination of EMe2X with neutral 
ligands results in rearrangement at E to yield [EMeX2(L)] or [SbMeX2(L)2] once again as the 
isolable products. Reaction of SbMenBr3-n (n = 1, 2) with transition metal acceptors gives 
complexes in which the halostibines behave as Lewis bases. Examination of trends in the 
crystallographic and spectroscopic data of [M(CO)5(SbMenBr3-n)] (M = Cr, W; n = 1-3) from 
this work and the literature concluded that the halostibines have a significant π-acceptor 
ability, which increases with increased halide substitution. Other transition metal complexes 
with L = SbMe2Br, [CpFe(CO)2(L)][BF4], [CpFe(CO)(L)2]Br (Cp = cyclopentadienyl) and 
[Mn(CO)6-n(L)n][CF3SO3] (n = 1, 3) were isolated and contain hypervalent, Sb···O, Sb···F or 
Sb···Br contacts between ions. Reaction of BiMe2Br with transition metal acceptors results in 
rearrangement at Bi; the only bismuthine complexes isolated contained the BiMe3 ligand. 
  The hybrid distibine S(CH2-2-C6H4SbMe2)2 and its methiodide [S(CH2-2-C6H4SbMe3)2][I]2 
were synthesised and the X-ray structure of the latter determined. Systematic investigations 
into transition metal complexes of this and other hybrid distibine ligands were undertaken. 
These ligands coordinate in a bidentate bridging mode in the 1:2 complexes 
[{CpFe(CO)2}2(L)][BF4] (L = O{(CH2)2SbR2}2 (R = Me, Ph), MeN(CH2-2-C6H4SbMe2)2, S(CH2-2-
C6H4SbMe2)2) and [{M(CO)5}2(L)] (M = Cr, W; L = O{(CH2)2SbR2}2 (R = Me, Ph)), a bidentate 
chelating mode in [M(CO)4(L)] (M = Cr, W; L = O{(CH2)2SbMe2}2, MeN(CH2-2-C6H4SbMe2)2) or 
a tridentate mode in [M(CO)3(S(CH2-2-C6H4SbMe2)2)] (M = Cr, Mo) and [Mn(CO)3(L)] [CF3SO3] 
(L = MeN(CH2-2-C6H4SbMe2)2, S(CH2-2-C6H4SbMe2)2). In the latter examples the central 
hetero-atom of the ligand is coordinated to the transition metal centre. In those cases where 
it is not, hypervalent interactions between this hetero-atom and one or both coordinated Sb 
atoms are sometimes, but not always, observed. Comparisons have been drawn with the 
chemistry of the corresponding hybrid dibismuthine ligands. The hybrid tristibine ligand 
N(CH2-2-C6H4SbMe2)3 was synthesised and preliminary investigations of its coordination 
chemistry carried out. It acts as a tridentate ligand via the three Sb donors in 
[Mn(CO)3(L)][CF3SO3] and [Cu4Br4(L)2], with the ligand fixed in a propeller-like conformation. 
In the latter, a Cu2Br4 core with a short Cu···Cu distance is observed. [Cu(L)] [BF4] was 
isolated, in which tetradentate coordination of the ligand has been proposed.  
  Transition metal complexes were characterised by 1H and 13C{1H} NMR spectroscopy and 
microanalysis, and where appropriate infrared and 55Mn or 63Cu NMR spectroscopies and 
mass spectrometry. The majority of these complexes have also been structurally 
characterised by single crystal X-ray diffraction.    
i 
 
Table of Contents 
 
List of Figures ............................................................................................................................................................ v 
Acknowledgements ................................................................................................................................................ ix 
Declaration  ................................................................................................................................................................. xi 
List of Abbreviations ........................................................................................................................................... xiii 
Chapter 1 - Introduction ....................................................................................................................................... 1 
1.1 Stibine ligands ............................................................................................................................... 3 
1.1.1 Synthesis of stibine ligands ............................................................................................. 3 
1.1.2 Distibine and tristibine ligands  ...................................................................................... 5 
1.1.3 Hybrid stibine ligands  ........................................................................................................ 6 
1.2 Transition metal complexes of stibine ligands ................................................................ 9 
1.2.1 Bonding in transition metal complexes of stibine ligands ................................. 9 
1.2.2 Complexes of monodentate stibine ligands ........................................................... 10 
1.2.3 Complexes of bidentate and tridentate stibine ligands .................................... 12 
1.2.4 Complexes of hybrid stibine ligands ......................................................................... 14 
1.3 Bismuthine ligands ................................................................................................................... 17 
1.4 Antimony and bismuth as acceptors ................................................................................. 19 
1.5 Hypervalency .............................................................................................................................. 21 
1.6 Characterisation techniques ................................................................................................. 23 
1.6.1 NMR spectroscopy ........................................................................................................... 23 
1.6.2 X-ray crystallography ..................................................................................................... 24 
1.6.3 Mass spectrometry ........................................................................................................... 25 
1.6.4 Infrared spectroscopy..................................................................................................... 25 
1.7 Aims ................................................................................................................................................ 27 
1.8 References .................................................................................................................................... 29 
Chapter 2 - Methylhalo-stibines and -bismuthines as Lewis acids .................................................. 35 
2.1 Introduction ................................................................................................................................ 35 
2.2 Results and Discussion ........................................................................................................... 37 
2.2.1 Synthesis of methylhalo-stibines and –bismuthines ......................................... 37 
2.2.2 Coordination of methylhalo-stibines and -bismuthines with N-donor 
ligands .............................................................................................................................................. 39 
2.2.3 Coordination of methylhalostibines with O-donor ligands ............................. 49 ii 
 
2.2.4 Bonding in coordination complexes of methylhalo-stibines and -
bismuthines ................................................................................................................................................... 54 
2.3 Conclusions .................................................................................................................................. 57 
2.4 Experimental ............................................................................................................................... 59 
2.5 Appendix - Structural data .................................................................................................... 65 
2.6 References .................................................................................................................................... 69 
Chapter 3 - Methylhalostibines as Lewis bases ........................................................................................ 71 
3.1 Introduction ................................................................................................................................ 71 
3.2 Results and discussion ............................................................................................................ 73 
3.2.1 Group 6 carbonyl complexes of methylbromostibines ..................................... 73 
3.2.2 Manganese carbonyl complexes of methylbromostibines .............................. 82 
3.2.3 Cyclopentadienyl iron carbonyl complexes of methylbromostibines ........ 87 
3.2.4 Alkylation of transition metal complexes of methylbromostibines ............ 92 
3.2.5 Reaction of transition metal carbonyl fragments with BiMe2Br ................... 93 
3.3 Conclusions .................................................................................................................................. 95 
3.4 Experimental ............................................................................................................................... 97 
3.7 Appendix - Structural data ................................................................................................. 103 
3.6 References ................................................................................................................................. 107 
Chapter 4 – Synthesis and group 6 carbonyl complexes of hybrid distibine ligands ............ 109 
4.1 Introduction ............................................................................................................................. 109 
4.2 Results and discussion ......................................................................................................... 111 
4.2.1 Synthesis of hybrid distibine ligands .................................................................... 111 
4.2.2 Group 6 carbonyl complexes of hybrid distibine ligands ............................. 117 
4.2.2.1 Reaction of hybrid distibine ligands with [M(CO)5(thf)] (M = Cr, W) .. 117 
4.2.2.2 Group 6 tetracarbonyl complexes with hybrid distibine ligands .......... 120 
4.2.2.3 Group 6 tricarbonyl complexes with hybrid distibine ligands ............... 127 
4.3 Conclusions ............................................................................................................................... 131 
4.4 Experimental ............................................................................................................................ 133 
4.5 Appendix - Structural data ................................................................................................. 139 
4.6 References ................................................................................................................................. 141 
Chapter 5 – Cyclopentadienyl iron dicarbonyl and manganese tricarbonyl complexes of 
hybrid distibine ligands ................................................................................................................... 143 
5.1 Introduction ............................................................................................................................. 143    
iii 
 
5.2 Results and discussion ......................................................................................................... 145 
5.2.1 Reaction of hybrid distibines with [CpFe(CO)2(thf)][BF4] ........................... 145 
5.2.2 Reaction of hybrid distibines with [Mn(CO)3(OCMe2)3][CF3SO3] .............. 149 
5.3 Conclusions ............................................................................................................................... 155 
5.4 Experimental ............................................................................................................................ 157 
5.5 Appendix - Structural data ................................................................................................. 161 
5.6 References ................................................................................................................................. 163 
Chapter 6 – Synthesis and coordination chemistry of a hybrid tristibine ligand .................... 165 
6.1 Introduction ............................................................................................................................. 165 
6.2 Results and discussion ......................................................................................................... 167 
6.2.1 Synthesis of N(CH2-2-C6H4SbMe2)3 ........................................................................ 167 
6.2.3 Transition metal complexes of N(CH2-2-C6H4SbMe2)3 ................................... 170 
6.2.3.1 fac-[Mn(CO)3{N(CH2-2-C6H4SbMe2)3}][CF3SO3] ............................................ 170 
6.2.3.2 Complexes with Cu(I) fragments ......................................................................... 175 
6.3 Conclusions ............................................................................................................................... 181 
6.4 Experimental ............................................................................................................................ 183 
6.5 Appendix - Structural data ................................................................................................. 185 
6.6 References ................................................................................................................................. 187 
Appendix 1 – General Experimental Techniques .................................................................................. 189 
References for Appendix 1 ........................................................................................................ 191 
 Appendix 2 – Crystallographic Information Files ................................................................................ 193 
   iv 
    
v 
 
List of Figures 
 
Figure 1.1   Bidentate stibine ligands with chiral backbones 
Figure 1.2   The Sb-containing macrocycle, CH2{CH2N(Me)CH2-2-C6H4}2SbMe 
Figure 1.3   σ-donation (a) and π-acceptance (b) by stibine ligands with transition metal 
    centres. 
Figure 1.4   View of the structure of the cis/trans dimer [{PdBr2(Ph2SbCH2SbPh2)}2] 
Figure 1.5   View of the structure of [RhCl2{Ph2Sb(CH2)3SbPh2}{PhClSb(CH2)3SbClPh}]Cl  
Figure 1.6   View of the structure of [MnCp’(CO)2(BitBu3)] 
Figure 1.7   View of the structure of [Sb{N(TePiPr2)2}3] 
Figure 1.8   Examples of chelate induced and planar chirality in hypervalent complexes 
 
Figure 2.1   View of the asymmetric unit of BiMe2Br. 
Figure 2.2   View of the chain structure and packing of BiMe2Br. 
Figure 2.3   View of the structure of [SbMeBr2(bipy)] 
Figure 2.4   View of the structure of [SbMeCl2(phen)] 
Figure 2.5   View of the structure of [SbMeBr2(phen)]  
Figure 2.6   View of the structure of [BiMeBr2(bipy)]  
Figure 2.7   View of the structure of [BiMeBr2(phen)]  
Figure 2.8   View of the structure of [BiMeCl2(tmeda)]  
Figure 2.9   View of the structure of [BiMeBr2(tmeda)]   
Figure 2.10   View of the structure of the [Li(phen)2(μ-Br)BiMeBr3]- unit in  
    [Li(H2O)(phen)2] [Li(phen)2(μ-Br)MeBr3Bi]·thf 
Figure 2.11  View of the structure of [SbMeCl2(OPPh3)2]  
Figure 2.12   View of the structure of [SbMeBr2(OPPh3)2] 
Figure 2.13   View of the structure of one of two [SbMeBr2(OPMe3)2] molecules in the 
    asymmetric 
Figure 2.14   a: σ* orbitals in EMeX2 core; b: three centre four electron bond formation by 
    donation of lone pair of ligand L into E-X σ* orbitals. vi 
 
 
Figure 3.1   View of the structure of the [Cr(CO)5(SbMe2Br)]  
Figure 3.2   View of the packing in [Cr(CO)5(SbMe2Br)] showing the long intermolecular 
(C)O···Sb interactions. 
Figure 3.3   View of the structure of the [Mo(CO)5(SbMe2Br)]  
Figure 3.4  View of the packing in [Mo(CO)5(SbMe2Br)]  
showing the long intermolecular (C)O···Sb interactions. 
Figure 3.5   View of the structure of the [W(CO)5(SbMe2Br)] 
Figure 3.6   View of the packing in [W(CO)5(SbMe2Br)]  
Figure 3.7   View of the structure of [W(CO)5(SbMeBr2)]  
Figure 3.8   View of the packing in [W(CO)5(SbMeBr2)] showing the long intermolecular 
(C)O···Sb interactions. 
Figure 3.9   View of the structure of the [Mn(CO)5(SbMeBr2)][CF3SO3]  
Figure 3.10   View of the structure of the fac-[Mn(CO)3(SbMe2Br)3]+ cation  
Figure 3.11   View of the packing within fac-[Mn(CO)3(SbMe2Br)3][CF3SO3] showing the 
hypervalent contacts between the O-atoms of the [CF3SO3]
 anions and the 
Sb atoms of the cation. 
Figure 3.12   View of the structure of the [CpFe(CO)2(SbMe2Br)]+ cation  
Figure 3.13   View of the structure of [CpFe(CO)2(SbMe2Br)][BF4]  
Figure 3.14   View of the structure of [CpFe(CO)(SbMe2Br)2]Br  
 
Figure 4.1   Coordination modes observed in Group 6 carbonyl complexes of distibine 
ligands. 
Figure 4.2   View of the structure of [S(CH2-2-C6H4SbMe3)2]2+ 
Figure 4.3   View of the structure of Ph2PCH(nBu)Ph  
Figure 4.4   View of the structure of [Cr(CO)4{MeN(CH2-2-C6H4SbMe2)2}]  
Figure 4.5   View of the structure of [W(CO)4{MeN(CH2-2-C6H4SbMe2)2}]     
vii 
 
Figure 4.6   The conformations present in [Cr(CO)4{MeN(CH2-2-C6H4SbMe2)2}] and 
[W(CO)4{MeN(CH2-2-C6H4SbMe2)2}] as a consequence of the absence or 
presence of hypervalent interactions. 
 Figure 4.7   View of the structure of [Cr(CO)4(O{(CH2)2SbMe2}2)]  
Figure 4.8   View of the structure of [W(CO)4(O{(CH2)2SbMe2}2)]  
Figure 4.9   View of the structure of [Cr(CO)3{S(CH2-2-C6H4SbMe2)2}]  
 
Figure 5.1   View of the structure of [{CpFe(CO)2}2(O{(CH2)2SbMe2}2)]2+  
Figure 5.2   View of the structure of [{CpFe(CO)2}2{MeN(CH2-2-C6H4SbMe2)2}]2+ with  
Figure 5.3   View of the structure of [Mn(CO)3{S(CH2-2-C6H4SbMe2)2}]+  
Figure 5.4   View of the structure of [Mn(CO)3{MeN(CH2-2-C6H4SbMe2)2}]+  
Figure 5.5   19F{1H} NMR spectrum (282.4 MHz) of [Mn(CO)3{MeN(CH2-2-
C6H4SbMe2)2}][CF3SO3] in CDCl3 solution. 
 
Figure 6.1   View of the structure of [(Me2Sb-2-C6H4CH2)N(CH2-2-C6H4)2SbMe2]+ with  
Figure 6.2   Carbonyl region of the 13C{1H} NMR spectrum (100.6 MHz) of fac-
[Mn(CO)3{N(CH2-2-C6H4SbMe2)3}][CF3SO3] in CD2Cl2 solution. 
Figure 6.3   55Mn NMR spectrum (99.0 MHz) of fac-[Mn(CO)3{N(CH2-2-
C6H4SbMe2)3}][CF3SO3] in CH2Cl2/CDCl3 solution. 
Figure 6.4  View of the structure of [Mn(CO)3{N(CH2-2-C6H4SbMe2)3}]+ 
Figure 6.5   View of the structure of [Cu3Br2{N(CH2-2-C6H4SbMe2)3}2]+  





I have been fortunate in that I have many people to thank, without whom I could not even 
have dreamed of completing this thesis. Most importantly my supervisors, Prof. Gillian Reid 
and Prof. William Levason, for their continual dispensation of support, advice, and chemical 
knowledge. I must also thank Prof. Levason for taking the time to collect multinuclar NMR 
spectra for several compounds. Dr. Michael Rogers, for all his guidance in the beginning, 
and whose work on hybrid dibismuthines I have referred to repeatedly for comparison. Dr. 
Michael Webster for patient crystallography advice and unfailing attention to detail when 
checking my solutions. The EPSRC for providing the funding for this research. Two excellent 
undergraduate students, Robert Warr and Scott Rogers, both of whom contributed to work 
discussed in this thesis. The ever-helpful departmental NMR, X-ray and MS scientists. All the 
members of the Reid/Levason group in the past three years for help in the laboratory, 
proofreading and much needed tea breaks. The lunch train- you know who you are – for 
friendship and moral support. My family for their love, and their faith in my abilities even 
when I doubt myself. And of course, Nathan. I owe you a few thousand cups of tea! xi 
Declaration 
I, Sophie Benjamin, declare that the thesis entitled 'Synthesis and Coordinaton Chemistry of 
Hybrid Polydentate and Halide-Substituted Stibines and Bismuthines’ and the work 
presented in the thesis are both my own, and have been generated by me as the result of my 
own original research.  I confirm that this work was done wholly or mainly while in 
candidature for a research degree at this University. Where any part of this thesis has 
previously been submitted for a degree or any other qualification at this University or any 
other institution, this has been clearly stated. Where I have consulted the published work of 
others, this is always clearly attributed. Where I have quoted from the work of others, the 
source is always given. With the exception of such quotations, this thesis is entirely my own 
work. I have acknowledged all main sources of help and  where the thesis is based on work 
done by myself jointly with others, I have made clear exactly what was done by others and 
what I have contributed myself. 
Parts of this work have been published as:  
‘Halostibines SbMeX2 and SbMe2X: Lewis acids or Lewis bases?’ S. L. Benjamin, W. 
Levason, G. Reid and R. P. Warr, Organometallics, 2012, 31, 1025-1034. 
‘Lewis base complexes of methyldihalobismuthines BiMeX2 (X = Cl or Br)’ S. L. 
Benjamin, W. Levason, G. Reid, M. C. Rogers and R. P. Warr, J. Organomet. Chem., 2012, 708-
709, 106-111. 
‘Hybrid dibismuthines and distibines: preparation and properties of antimony and 
bismuth oxygen, sulfur, and nitrogen donor ligands’ S. L. Benjamin, L. Karagiannidis, W. 
Levason, G. Reid and M. C. Rogers, Organometallics, 2011, 30, 895-904. 
‘Hybrid dibismuthines and distibines as ligands towards transition metal carbonyls’ S. 
L. Benjamin, W. Levason, G. Reid and M. C. Rogers, Dalton Trans., 2011, 40, 6565-6574. 
Figures have been reproduced with copyright permission. 
Signed:    
xiii 
 
List of Abbreviations 
 
15-crown-5  1,4,7,10,13-pentaoxacyclopentadecane 
Ar  aryl 
BinaSb  2,2'-bis(diphenylstibino)-1,1'-binaphthyl 
bipy  2,2'-bipyridine 
cisplatin  (SP-4-2)-diamminedichloridoplatinum 
Cp  cyclopentadienyl 
Cp'  methylcyclopentadienyl 
CVD  chemical vapour deposition 
DFT  density functional theory 
DIOP  o-isopropylidene-2,3-dihydroxy-1,4-bis(diphenylphosphino)butane 
dmso  dimethyl sulfoxide 
ESI  electrospray ionisation 
FAB  fast atom bombardment 
LC-TOF  liquid chromatography time of flight 
MS  mass spectrometry 
nbd  norbornadiene 
NMR  nuclear magnetic resonance 
noba  nitrobenzyl alcohol 
phen  1,10-phenanthroline 
pip  piperidine 
TBAF  tetrabutylammonium fluoride 
thf  tetrahydrofuran 
tmeda  tetramethylethylenediamine 
tms  tetramethylsilane 
Tr  tropylium 
VSEPR  valence shell electron pair repulsion 
ΣVdW  sum of the Van der Waals radii    
1 
 
Chapter 1 - Introduction 
 
Group 15 is one of the most diverse in the periodic table, encompassing non-metals 
nitrogen and phosphorus, the semi-metallic arsenic and antimony, and bismuth which is 
classed as a metal. These differences derive from a significant decrease in electronegativity 
as the group is descended and result in a correspondingly large diversity in both the 
physical properties and the chemistry of these elements.1 Phosphorus, arsenic, antimony 
and bismuth are commonly found in the +3 and +5 oxidation states, though the +5 oxidation 
state is considerably less stable for As and Bi than for P and Sb, a result of the higher than 
expected electronegativity of these elements due to the filling of the 3d and 4f subshells 
before As and Bi, respectively.  
The organometallic chemistry of the heavier Group 15 elements was begun in 1757 
with the discovery of ‘cacodyl’ (tetramethyldiarsine) by Louis-Claude Cadet de Gassicourt, 
often cited as the first preparation of an organometallic compound.2  Organoarsenic 
chemistry was driven forward first by applications in the treatment of syphilis, then by 
development of poisonous gases during the First World War. Organophosphorus chemistry 
developed in tandem, the first phosphines being prepared in 1847 by Thénard,3 and work 
by Michaelis and Abrusov (among others) later laying the foundations of 
organophosphorus synthesis. In the early 20th century applications as insecticides, 
plasticisers and flame-retardants made organic phosphorous compounds industrially 
important.4, 5 However, the developments of the first bi- and poly-dentate arsines, in 1939 
and 1953 respectively, preceded those of the corresponding phosphines.6 It was not until 
the 1960s that the increasingly understood value of phosphines as ligands, coupled with the 
growing availability of 31P NMR spectroscopy as a convenient diagnostic tool, resulted in 
the emergence of organophosphine coordination chemistry as a major discipline which 
eclipsed the earlier advances made in the chemistry of the heavier Group 15 elements. 
Today phosphine ligands are widely employed in catalysis, both commercially and in 
research. Simple phosphines are excellent spectator ligands for transition metals in a range 
of oxidation states, and are employed in catalysts for dehydrogenation of alkanes 
(Wilkinson’s catalyst),7 olefin metathesis (Grubb’s catalysts)8 and cross-coupling reactions,9 
to name but a few. Asymmetric phosphines, often bidentate, are important as ligands in 
catalysts for enantioselective transformations,10 whereas ‘pincer’ PCP and PNP ligands 
improve the stability of metal complexes and aid activation of strong bonds, making them 
attractive co-ligands for homogeneous catalysis in many systems.11 2 
 
A number of organostibines and organobismuthines were prepared during the 19th 
century, but their lower stability and less immediate utility resulted in slower progress in 
the investigation of their chemistry. Despite their early neglect, organo-stibines and -
bismuthines have been increasingly studied in recent decades and have applications in a 
diverse range of fields. They are used as synthetic reagents,12-14 chain transfer agents in 
living polymerisation,15-17 and as precursors for the deposition of microelectronic 
materials.18-20 Organobismuth compounds are non-toxic and have medical applications, 
several having been shown to exhibit antitumor and antimicrobial properties.18, 21, 22 The 
toxicity of antimony is not much less than that of arsenic, but in low doses organoantimony 
compounds are used in the treatment of parasitic diseases such leishmaniasis.23 In addition 
to these applications, the varied and often remarkable chemistry of these elements makes 
their study of interest in its own right. 
This chapter will focus on the coordination chemistry of organoantimony and 
organobismuth compounds. As well as being capable, like phosphines, of acting as ligands 
towards transition metals, these heavier Group 15 ‘metals’ also have a coordination 
chemistry of their own.        
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1.1 Stibine ligands 
The most widely studied Sb donor ligands are triorganostibines, i.e. those in which 
the three substituents at Sb are carbon based; these will be the main focus of this section. 
Comprehensive coverage of the literature up to mid-2005 can be found in previous 
reviews,24-26 with highlights as well as recent advances being discussed here. There is a 
significant literature relating to anionic R2Sb- ligands and those containing Sb-Sb bonds, as 
well as some limited examples containing Sb-Y bonds (Y = Si, Ge, Sn, Pb, O, S, Se, Te), which 
have been reviewed several times by Breunig and co-workers and are not further 
discussed.27-29 The few reported examples of the halostibines SbR2X and SbRX2 (X = Cl, Br, I) 
behaving as ligands are discussed in Chapter 3.  
1.1.1 Synthesis of stibine ligands 
The synthesis of organostibines presents many challenges, several arising from the 
relatively weak nature of Sb-C bonds. This originates in the orbital mismatch between the 
large, diffuse Sb and the much smaller C atomic orbitals, part of a trend of decreasing E-C 
bond energy as Group 15 is descended, as shown in Table 1.1. As a result, Sb-C bonds are 
prone to scrambling or fission under many experimental conditions, limiting the available 
synthetic pathways. It is for this reason that examples of bi- and polydentate stibine ligands 
are rare; sequential introduction of stibine moieties is often accompanied by cleavage of 
existing Sb-C bonds, resulting in low yields and unwanted by-products. A further difficulty 
is the limited range of commercially available Sb(III) precursors, these generally being 
limited to SbPh3 and SbX3 (X= F, Cl, Br, I), in marked contrast to the plethora of phosphine 
ligands and precursors available.  
Table 1.1 Average E-C bond energies (ref. 30) and electronegativities (ref. 1) 
E  E-C bond energy in EMe3  
/ kJ mol-1 
Electronegativity (Pauling) 
P  276  2.19 
As  229  2.18 
Sb  216  2.05 
Bi  143  2.02 
 
Simple tertiary stibines of the type SbR3 can be easily obtained by reaction of SbX3 
(X = Cl, Br) with an appropriate Grignard reagent.31, 32 Arylstibines are in general air stable 
solids, whereas alkylstibines are air sensitive oils, which can be pyrophoric in the case of 
the lower alkyls. Unsymmetrical phenylhalostibines SbPh2X and SbPhX2 can be prepared by 4 
 
the comproportionation of an appropriate ratio of SbX3 and SbPh3 in the absence of solvent 
(Scheme 1.1), and provide excellent precursors for other unsymmetrical stibines.33  
 
 
Scheme 1.1 Synthesis of mixed phenylchlorostibines 
Unsymmetrical stibines of the type SbR2R’ can be formed via two routes. The first 
involves the cleavage of SbR3 or SbR2X by sodium in liquid ammonia, resulting in the 
formation of nucleophilic stibides NaSbR2, which are then reacted in situ (being unstable at 
room temperature) with an organic halide (Scheme 1.2).34-36  
 
Scheme 1.2 Nucleophilic stibide route to unsymmetrical stibines 
The second method requires reaction of an electrophilic halostibine, SbR2X, with an 
organic nucleophile such as a Grignard reagent or organolithium (Scheme 1.3).37 In each 
case oxygen-free aqueous workup yields the product, which can often be purified by 
distillation under reduced pressure. 
 
Scheme 1.3 Electrophilic halostibine route to unsymmetrical stibines 
For R = alkyl, the air sensitive SbR2X precursors can be accessed by treating a 
benzene or toluene solution of SbR2Ph with gaseous HX (Scheme 1.4), which causes 
selective cleavage of the Sb-Ph group to form an Sb-X bond, leaving alkyl groups 
unreacted.38   
 
Scheme 1.4 Generation of SbR2X (R = alkyl, X = Cl, Br) 
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Entirely asymmetric stibines of the form SbRR’R’’ are rare due to the large number 
of steps required for their preparation, but are of interest as they possess chirality at the Sb 
centre. The differing rates of Sb-R cleavage by sodium in liquid ammonia for different R 
groups can be exploited; sequential reactions of this type have been employed to prepare a 
range of SbRR’R’’ with simple alkyl and phenyl substituents.35, 39 Sb(CCPh)RR’ have also 
been prepared by substitution of a single ethynyl group from Sb(CCPh)2R using a 
stoichiometric amount of R’MgBr, a method which can be extended by sequentially 
substituting two ethynyl groups with different organonucleophiles to obtain new examples 
of SbRR’R’’.40, 41 
1.1.2 Distibine and tristibine ligands 
Distibines can be synthesised by either of the methods for preparation of 
unsymmetrical stibines discussed above, though these reactions are not always 
straightforward. The nucleophilic stibide route has been employed in the preparation of 
R2Sb(CH2)nSbR2 for n = 1, 3, 4 and 5,42, 43 but for n = 2 the reaction of NaSbR2 with 1,2-
dichloroethane results only in formation of R2SbSbR2, with spontaneous elimination of 
ethene.35 Similar cleavage also results for the corresponding reaction with 1,2-
dichloroethylene and o-dichlorobenzene, i.e. all those with two carbon linkages, posing a 
significant problem for synthesis of distibines with the ability to form 5 membered chelate 
rings.44-45 1,2-C6H4(SbMe2)2 can be synthesised via a stepwise method, though it is a long 
synthesis with a fairly low (~20%) yield and specific conditions have to be employed to 
prevent the nucleophile from destroying the existing Sb-C bonds.46 Like the famous As 
analogue 1,2-C6H4(AsMe2)2, this is the most strongly binding of the known distibines. 
Of the other known ditertiary stibines, most are obtained via the reaction of 
halostibines with diGrignard or dilithium reagents, and where suitable this method tends to 
be cleaner and higher yielding than the nucleophilic stibide route, for example giving 88% 
yield in the synthesis of 1,2-C6H4(CH2SbMe2)2 in contrast to only 6% from the sodium 
stibide reaction.47 A number of distibines have been prepared in this way, incorporating a 
range of backbone types.24 These include examples with chiral binaphthyl- and DIOP-type 
backbones, the Sb analogues of chiral phosphines widely used in asymmetric synthesis 
(Figure 1.1).48-50  6 
 
 
Figure 1.1 Bidentate stibine ligands with chiral backbones, from refs. 48-50 
Only one tridentate tristibine is known, the tripodal MeC(CH2SbPh2)3, prepared in 
fairly low yield by the treatment of MeC(CH2Cl)3 with Ph2SbNa.51 No stibines of higher 
denticities or macrocyclic polystibines have been isolated. The relative paucity of bidentate 
stibines and almost total lack of polydentate stibine ligands is in marked contrast to the 
myriad examples of polydentate phosphine and arsine ligands reported in the literature, of 
which there is a rich and varied coordination chemistry. These have been the subject of 
several reviews.52-55 
1.1.3 Hybrid stibine ligands 
Bearing in mind the challenge of accessing polydentate stibine ligands, a step along 
this road is the synthesis of polydentate ligands containing at least one stibine donor, as 
well as other donor atoms. These hybrid ligands have the advantage of allowing 
investigation of stibine coordination as part of a polydentate ligand framework. Complex 
architectures are much more readily accessible by virtue of introducing the more delicate 
stibine moieties as the final step in the ligand synthesis, via one of the two methods 
discussed above. Several hybrid stibines have been prepared with one Sb donor and one or 
more N, P, As, O or S donors, examples with Se, Te or Bi being limited to o-phenylene 
derivatives; comprehensive accounts can be found in previous reviews.24, 25 Examples with 
more than one Sb donor are rarer, and include some early examples of facultative open 
chain ligands with Sb2S, Sb2N, Sb2N2 and Sb2O2 donor sets, as well as the only examples of 
hybrid tristibines, N{(CH2)3SbR2}3 (R = Ph, Me).56-58 Despite their potential as ligands very 
few metal complexes of these species were isolated, with none reported for the potentially 
tetradentate tristibine or the other hybrid Sb/N donors. More recently in our laboratory 
preparation of the open chain ligands O{(CH2)2SbR2}2 (R = Ph, Me), CH2{CH2N(Me)CH2-2-   
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C6H4SbMe2}2 and MeN(CH2-2-C6H4SbMe2)2 were reported, as well as the first example of a 
macrocycle containing an Sb donor, CH2{CH2N(Me)CH2-2-C6H4}2SbMe (Figure 1.2).59, 60  
 
Figure 1.2 The Sb-containing macrocycle, CH2{CH2N(Me)CH2-2-C6H4}2SbMe, from ref. 
60 
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1.2 Transition metal complexes of stibine ligands 
1.2.1 Bonding in transition metal complexes of stibine ligands 
The bonding between an antimony atom and a transition metal centre (M) can be 
considered using the same model as that used for P-M bonding. The lone pair on the Sb 
centre acts as a σ-donor, interacting with vacant d-orbitals on the transition metal (Figure 
1.3 a). Electron donating substituents at Sb improve the σ-donor power of the ligand, 
meaning alkylstibines are better donors than arylstibines. Stibines are also capable of acting 
as π-acceptors via backbonding from occupied metal d-orbitals. As in the case of 
phosphines the nature of the π-acceptor orbitals (LUMOs) is a matter for debate, but they 
are likely to be Sb-C σ orbitals or hybridised combinations of Sb-C σ* and Sb 5d molecular 
orbitals (Figure 1.3 b).26, 61 
 
Figure 1.3 σ-donation (a) and π-acceptance (b) by stibine ligands with transition 
metal centres. 
As Group 15 is descended there is an increased energy difference between the 
valence s- and p-orbitals. This causes increasing s-character of the lone pair, and together 
with the increased diffusivity of the orbitals means that σ-donation ability decreases down 
the group. Decreased electronegativity of the central atom also results in weaker π-
acceptance as Group 15 is descended. These trends lead to stibines being weaker ligands 
towards transition metals than their lighter P and As analogues, and extrapolation to 
bismuth explains why very few bismuthine complexes with transition metals have been 
isolated. The large, diffuse nature of the Sb orbitals and the low electronegativity of the Sb 10 
 
centre lead also to stibines being classed as very soft ligands. They are most compatible 
with ‘soft’ metal centres, i.e. transition metals in low oxidation states. 
Another consequence of the increase in s-character of the lone pair, and hence 
increased p-character of the E-C bonding orbitals, can be seen by the decrease in average C-
E-C angles in free ER3 ligands going down the group. On average the C-E-C angle is 103° in 
PPh3, 100° in AsPh3, 96° in SbPh3 and 94° in BiPh3.26 Upon coordination to a metal centre 
the average C-Sb-C angle in the ligand increases significantly; a study of structural data for 
SbPh3 complexes demonstrated an average increase of almost 4° between the free ligand 
and its transition metal complexes.62 This trend is thought to be due to rehybridisation of 
the Sb orbitals upon complexation in order to allow a higher p-character in the lone pair 
orbital, increasing its directionality and availability for donation to the metal centre. DFT 
modelling has recently been undertaken which supports this view.63  
Steric properties of phosphine ligands are modelled using Tolman’s semi-
quantitative cone angle model.64 This model has been extended to include As and Sb ligands, 
showing that as the group is descended there is a small decrease in cone angle, probably 
due to longer E-C bonds and smaller C-E-C angles.65 However, as C-Sb-C angles increase 
upon coordination, unlike C-P-C angles, there is debate about whether the cone angles of 
the uncomplexed ligands are still valid when discussing their complexes.  
1.2.2 Complexes of monodentate stibine ligands 
The first transition metal complexes of tertiary stibines were isolated as far back as 
1925, with early work focused on complexes of symmetrical trialkylstibines.66 However, the 
preconception that stibines were merely more weakly donating versions of their phosphine 
analogues meant that in the mid to late 20th century studies were often limited to token 
complexes of SbPh3, one of the poorest stibine ligands. In fact, in many cases stibines have 
been shown to promote significantly different chemistry to their phosphine counterparts. 
General trends include a propensity for higher coordination numbers than in corresponding 
phosphine complexes; a recent DFT study of the [Au(EPh3)n]+ cation supported the 
experimental observations that whilst for E = Sb the observed cation always has n = 4, for E 
= P there was a marked preference for n = 2, 3.63 Whilst the slightly reduced cone angles 
could be a contributing factor, it is probable that this effect is mainly electronic, the reduced 
electron donation from each Sb ligand to the metal centre being compensated for by 
coordination of additional ligands. 
Also noted is a reduced tendency for ligand dissociation in solution compared to 
lighter analogues, despite the increased lability of the more weakly coordinated stibines. 
This can be observed for example in the relatively sharp room temperature 31P{1H} and    
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63Cu NMR spectra of [Cu(SbR3)4]+ contrasting with the broadened spectra of [Cu(PR3)4]+ 
which result from fast ligand exchange.67 Whilst the expected decrease in trans influence is 
seen as the group is descended, the variation in trans effect is less easy to ascertain, with 
different series arrived at depending on metal centre.26 
Due to their soft donor properties, complexes of stibines have in general been 
limited to late transition metals and those in low oxidation states, the majority of work 
being with Group 8 – 11 transition metal fragments as well as a considerable number of 
complexes with Group 6 and 7 carbonyls. Stibine coordination with Group 3-5 metals has 
been very little investigated, and though there are some reports of complexes these are 
often poorly characterised.24, 26 The coordination chemistry of these metals with tertiary 
arsines is considerably more developed, many examples involving the strongly σ-donating, 
chelating o-C6H4(AsMe2)2 ligand, and the difficulties in synthesising alkyldistibine 
counterparts to this ligand are probably in some measure to blame for this discrepancy.68, 69 
The most dramatic demonstration to-date of the unique properties of 
organostibines as ligands is the discovery by Werner and co-workers of the first class of 
compounds containing bridging neutral Group 15 ligands.70 Thermolysis of 
[RhCl(CRR’)(SbiPr3)2] forms the dimer [Rh2Cl2(µ-CRR’)2(µ-SbiPr3)], in which both carbenes 
and the stibine ligand bridge the two rhodium centres (Scheme 1.5).  
 
Scheme 1.5 Synthesis of stibine bridged [Rh2Cl2(µ-CPh2)2(µ-SbiPr3)] from ref. 70 
The analogous reaction does not occur with corresponding phosphine or arsine 
complexes, the lability of the stibine ligands being believed in this case to be promoting the 
dimerisation, which is accompanied by loss of one SbiPr3 group. These stibine bridged 
dimers have been shown to have extensive and remarkable reactivity, including as 
precursors to form phosphine and arsine bridged Rh dimers via ligand metathesis, and 
giving rise to a series of mixed valence Rh0-RhII complexes.71 Research in the same group 
also showed that while trans-[RhCl(C2H4)(PiPr3)2] undergoes simple ligand exchange with 
Ph2CN2, the same reaction with trans-[RhCl(C2H4)(SbiPr3)2] generates the carbene trans-12 
 
[RhCl(CPh2)(SbiPr3)2], another demonstration of the different and potentially beneficial 
chemistry of stibine complexes compared to phosphine complexes.72  
Different reactivity between stibine complexes and their lighter counterparts can be 
exploited when designing catalytic systems. In some cases, the weaker donor ability of 
antimony can be an advantage, for example in norbornene insertion polymerization using 
the catalyst trans-[Ni(C6Cl2F3)2EPh3] (E = Sb, As, P). For E = Sb yields of 90% were achieved, 
whereas under the same conditions the corresponding AsPh3 and PPh3 complexes gave 
yields of 75% and <1% respectively, with the stibine complexes also giving the highest 
molecular weights.73 This difference in reactivity is attributed to the more labile SbPh3 
ligand being more readily dissociated from the precursor complex, a rate determining step 
in the generation of the active species. Allyl nickel complexes with SbPh3 co-ligands have 
also been employed as highly active catalysts for styrene oligomerisation, also resulting in 
considerably different product distributions to the phosphine and arsine analogues.74, 75 
These complexes of the form [Ni(η3-CH2C(Me)CH2)(EPh3)n] are four coordinate (n = 2) in 
the case of E = P or As, whereas five coordinate (n = 3) species are obtainable with the 
SbPh3 ligand, another example of higher coordination numbers being seen in stibine 
complexes.  
Tripalladium ditropylium (tropylium = [C7H7]+) sandwich complexes with pnictogen 
co-ligands have recently been characterised, including [Pd3Tr2(SbPh3)3][BF4]2. Systematic 
structural and spectroscopic analysis combined with an understanding of the differing 
donor properties of Group 15 ligands has been used to assess the degree of interaction 
between palladium centres, which was shown to be affected by the choice of equatorial 
ligand.76  
1.2.3 Complexes of bidentate and tridentate stibine ligands 
Distibine ligands can coordinate via chelating, 1, or bridging modes, depending on 
the ligand and transition metal system. Unlike diphosphinomethanes, which chelate readily, 
distibinomethanes tend to form doubly bridged dimers; the large size of the antimony 
causes strain in the 4-membered ring formed upon chelation to a metal centre, though rare 
chelating examples do exist. 77, 78 Interestingly, the cis/trans isomers formed by bidentate 
stibines are not always the same as those in the corresponding phosphines, though 
explanations for this phenomenon are not clear, the unusual cis-trans isomer found in 




Figure 1.4 View of the structure of the cis/trans dimer [{PdBr2(Ph2SbCH2SbPh2)}2] 
redrawn from ref. 78 
Distibines with longer backbones can be found in all three coordination modes. 
Certain architectures (for example o-C6H4(CH2SbMe2)2) are pre-organised to favour 
chelation, whereas others (like the m- and p- versions of this ligand) are prevented from 
chelation by their rigid backbones.47 Chelation is especially favoured by the ligand o-
C6H4(SbMe2)2 which has an o-phenylene backbone, and complexes with the relatively hard 
Ni(II) and Co(III) fragments have been characterised, a demonstration of this ligand’s 
powerful binding capacity.79, 80 
Recent systematic investigations of Pt(II), Pt(IV), Rh(I) and Ir(I) complexes of 
distibines with organometallic co-ligands have added to the very sparse chemistry of 
organometallic transition metal stibine complexes, suggesting a substantial area remains to 
be studied.81, 82 The reaction chemistry of some of the Rh complexes was investigated; 
attempts to oxidatively add HCl to [Rh(CO){Ph2Sb(CH2)3SbPh2}2][BF4] resulted in the 
isolation of a small amount of [RhCl2{Ph2Sb(CH2)3SbPh2}{PhClSb(CH2)3SbClPh}]Cl·CHCl3, 
the X-ray structure of which shows that Sb-Ph cleavage has occurred for one ligand, giving 
rise to a rare example of a coordinated halostibine (Figure 1.5).82 14 
 
 
Figure 1.5 View of the structure of [RhCl2{Ph2Sb(CH2)3SbPh2}{PhClSb(CH2)3SbClPh}]Cl 
redrawn from ref. 82  
 The last decade has also seen the first examples of bidentate chiral stibine ligands 
being employed in asymmetric catalysis, with Kurita and co-workers using Pt and Rh 
complexes of BINASb ligands (Figure 1.1, above) to demonstrate applications in asymmetric 
allylic alkylation and hydrosilylation of ketones.48, 50, 83  
The tripodal MeC(CH2SbPh2)3 forms octahedral complexes with M(CO)3 (M = Cr, Mo, 
W) and RhCl3 fragments in which it coordinates in a fac tridenate manner, as well as a 
tetrahedral complex with Cu(MeCN), these examples being the only transition metal 
complexes characterised with a tridentate tristibine ligand.84 This ligand also forms square 
planar complexes with PtCl2 and PdCl2 in which it is behaving in a bidentate manner with 
one stibine uncoordinated. However, the weak nature of the –SbPh2 donor groups means 
complexes are not formed with more demanding metal centres such as Ni(II) or Co(III).84 
1.2.4 Complexes of hybrid stibine ligands  
Until fairly recently the coordination chemistry of hybrid Sb/heteroatom ligands 
was limited to monostibine ligands with one or more other donor atoms. Sb/N and Sb/O 
mixed donor ligands were complexed to Group 10 and 11 metal halides and some Group 6 
carbonyls, though the hard/soft discrepancy between O and Sb means that often only the Sb 
was coordinated in these compounds. More work was done with Sb/P and Sb/As hybrids, 
the softer donors being a better match, but the increased donor power of P and As meaning 
higher oxidation state metal centres such as Co(III) and Ni(II) could be targeted. The    
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majority of this work used o-C6H4(SbR2)(ER’2) ligands, with several other potential hybrid 
ligands being known but little used in coordination studies.24 
There have been some more recent examples of complexes of hybrid ligands with 
one Sb donor in which some interesting ligand properties have been observed. The 
phosphinostibinomethanes, R2PCH2SbR’2 (R = iPr, Cy; R’ = iPr, tBu, Cy) form Rh complexes in 
which the hybrid P/Sb ligand acts in either a monodenate (P-bound) or chelating mode. 
These ligands are considered to be ‘hemilabile’, combining the strongly coordinating 
phosphine and more labile stibine donors. Reaction of the square planar 
[Rh(COD)(R2PCH2SbR’2)]+ with CH2N2 in an attempt to displace the Sb donor and form a 
carbene results instead in insertion of a CH2 group into the Rh-Sb bond, forming a RhCSbCP 
ring. This unusual reactivity is presumably driven by the release of the strained four 
membered chelate ring, the attack on the Rh-Sb bond being attributable to its fairly weak 
nature.85 
The Sb{2-C6H4PPh2}3 ligand was originally prepared in 1971, the only complex 
isolated at the time being a trigonal bipyramidal nickel(II) chloride cation.86 Gabbai and co-
workers have recently characterised four coordinate complexes of gold and palladium 
chlorides with this ligand, in which the ligand acts as a SbP2 tridentate donor with one P 
uncoordinated. The Au compound [AuCl(Sb{2-C6H4PPh2}3)] can be oxidised by PhICl2, 
doubly chlorinating at Sb to form [AuCl(SbCl2{2-C6H4PPh2}3)], the oxidation being 
reversible upon treatment with NaI.87 Calculations suggest that the character of the Au-Sb 
interaction changes in an umpolung fashion, from a fairly weak Sb→Au dative bond in the 
reduced complex to an Au→Sb type interaction in the oxidised complex. The Pd complex 
[PdCl(Sb{2-C6H4PPh2}3)]+ acts as an F- anion sensor.88 Upon introduction of a fluoride 
source anion exchange occurs, triggering a reaction at Sb with formation of an Sb-F bond. 
The ligand remains complexed, but the change in electronic properties of the stibine causes 
coordination of the third phosphine moiety to form a five coordinate complex (Scheme 1.6). 
This change from square planar to trigonal bipyramidal geometry results in a colour change 
from pale yellow to orange, which when monitored by UV spectroscopy can be used to 
detect F- anions at ppm concentrations. In both cases it is the strong coordination of the 




Scheme 1.6 Fluoride capture by [PdCl(Sb{2-C6H4PPh2}3)][BF4] resulting in change of 
geometry at Pd, from ref 88  
Square planar platinum halide complexes with bidentate Sb/N hybrid ligands have 
very recently been synthesised, working towards the development of new anticancer 
agents with similar structural properties to cisplatin.89  
The only complexes of a hybrid ligand with more than one stibine donor, prior to 
the recent work in this group, were some metal chloride complexes with 
Me2Sb(CH2)2O(CH2)2O(CH2)2SbMe2.90 The last 6 years has seen a renewed interest in such 
complexes in our laboratory, and preliminary investigations into a range of transition metal 
complexes with open chain ligands with Sb2O, Sb2N and Sb2N2 donor sets were recently 
reported, including crystallographic characterisation of several such complexes.59, 60 Almost 
all of these are coordinated via the Sb donors only, though interestingly hypervalent 
interactions between the uncomplexed heterodonor and one of the coordinated Sb centres 
are observed in several cases (see below for a discussion of hypervalent interactions). Two 
examples in which one N donor was also thought to be coordinated to the transition metal 
centre were isolated, fac-[RhCl3(CH2{CH2N(Me)CH2N(Me)CH2-2-C6H4}2SbMe)] and 
[Mn(CO)3{MeN(CH2-2-C6H4SbMe2)2}][CF3SO3], though characterisation of the former was 
limited and crystal structures of neither were obtained. 
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1.3 Bismuthine ligands   
A fairly large number of organobismuthines have been isolated, though few of these 
molecules contain more than one bismuthine group.25, 91 While arylbismuthines are air 
stable solids, alkylbismuthines tend to be highly air and temperature sensitive solids or oils, 
and the difficulty of synthesising complex alkylbismuthines surpasses even that of the 
corresponding stibines owing to the extremely weak nature of the Bi-C bond. 
While there is a considerable coordination chemistry of anionic bismuth ligands,91 
only a very small number of transition metal complexes with neutral bismuthine ligands 
have been described, almost all of which involve metal carbonyls in low oxidation states 
coordinated to a single Bi donor. Examples which have been structurally characterised are 
even scarcer, being limited to [M(CO)5(BiR3)] (R = Ph, M = Cr, Mo, W; R = Me, tBu, M = Cr, W), 
[FeCp(CO)2(BiPh3)][BF4], [Fe(CO)4(BitBu3)] and [MnCp’(CO)2(BitBu3)] (Figure 1.6).92-96  
 
Figure 1.6 View of the structure of [MnCp’(CO)2(BitBu3)] redrawn from ref. 95 
The bonding models used above to describe Sb-M coordination can be qualitatively 
extended to bismuthines, a DFT study suggesting that σ-donation is the dominant 
component of the bonding interaction and that BiMe3 is comparable to SbMe3 in ligand 
properties.94 The decrease in both σ-donor ability and π-acceptance down the group is 
continued, bismuthines being very soft and weak ligands to transition metals as a result of 
their large, diffuse orbitals and the high s-orbital character of the Bi lone pair. Ligand 
substitution reactions demonstrate that replacement of a bismuthine ligand by the 
corresponding stibine is thermodynamically favourable,94, 96 and in many cases bismuthines 
fail to form complexes under conditions in which stibines will readily coordinate.97 
Complexes which have been isolated generally have poor stability, often being air sensitive 
and the solutions being prone to decomposition even under inert atmosphere, especially in 18 
 
donor solvents. It is probable that the weak nature of these ligands is what has precluded 
complexation of more than one bismuthine to the same metal centre, excepting some poorly 
characterised examples reported in the early literature.24 Another problem frequently 
encountered is the fission of weak Bi-C bonds in the presence of some metals, leading to 
decomposition which often results in dark, insoluble products, though sometimes 
complexes of decomposition products can be isolated.97-99 
Most of the well-characterised bismuthine complexes were prepared in order to 
complete the series of Group 15 ligands with particular metal fragments, allowing 
systematic observations of trends in donor properties as the group is descended. The 
observation that C-Bi-C angles are smaller than C-Sb-C angles in analogous metal complexes 
suggests that the s-character of the Bi-M bond is still greater than that of lighter analogues, 
a result of the almost totally s-character of the lone pair in the free ligand.93 Trends in C-Bi-
C angles have been investigated; a statistical investigation for BiAr3 showed an average 
increase of more than 5° upon coordination of the free ligand, though the limited number of 
available data points made this a significant but not quantitatively reliable observation.97 
Cone angles have also been calculated for some simple bismuthines and are found to be 
slightly smaller than those of the corresponding stibines, a continuation of the general 
trend seen in Group 15.65, 95 
The only dibismuthine for which transition metal complexes have been isolated is p-
C6H4(BiPh3)2, which when reacted in 1:1 ratio with [M(CO)5(thf)] (M = Cr, W) forms the κ1 
coordinated [M(CO)5(p-C6H4(BiPh3)2)], the 1:2 reaction giving the bidentate bridged 
[{M(CO)5}2(p-C6H4(BiPh2)2)].97 These species are less soluble and less stable than even the 
BiPh3 analogue. Complexes of alkylbismuthines are in general more stable than either, in 
contrast to the relative stabilities of the free ligands, this discrepancy arising from the 
superior donor properties of alkylbismuthines. This would suggest that in order to better 
explore the coordination chemistry of bidentate bismuthine ligands, investigations should 
be undertaken with bidentate alkylbismuthines.  
While many tertiary bismuthines incorporating heterodonors are known, including 
one example of a mixed stibine/bismuthine, o-C6H4(SbPh2)(BiPh2), few have been employed 
as hybrid ligands towards transition metals. There are a handful of examples of 
coordination compounds with mixed Bi/P and Bi/As ligands, though none have been 
structurally authenticated.24 Those incorporating O or N tend instead to be studied as 
examples of internal hypervalency (see below). 
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1.4 Antimony and bismuth as acceptors 
In contrast to the Lewis basic behaviour of triorgano-stibines and -bismuthines 
discussed above, antimony and bismuth trihalides are strong Lewis acids. Bismuth has a 
slightly higher inherent Lewis acidity than antimony due to the decrease in 
electronegativity as Group 15 is descended, meaning that for equivalent Sb and Bi species 
the bismuthine will be a better acceptor. EX3 (E = Sb, Bi; X = F, Cl, Br, I) accept up to three 
halide ions, forming a range of haloanions. As well as the discrete monomeric [EXn](n-3)- (n = 
4-6) these include a considerable variety of complex anions with a range of stoichiometries 
containing bridging halides, in which the geometry at the Sb or Bi centre is normally 
octahedral or square pyramidal.100 There are also numerous examples of coordination 
complexes of EX3 with both charged and neutral Group 15 and 16 ligands, including N, P, As, 
O, S and Se donors, and some rarer examples with Te donors.101 Though combination of 
SbX3 and SbR3 normally leads to scrambling to SbR3-nXn, one adduct is known, the dimer 
[Sb2I6(SbMe3)2(thf)2].102 In many cases halides can be displaced by other ligands, sometimes 
with the aid of a halide abstractor, for example the reaction of SbCl3 with 15-crown-5 and 
SbCl5 results in the formation of [SbCl(15-crown-5)][SbCl6]2.103 The consequence is a vast 
array of complexes in which the Sb(III) or Bi(III) centres exist within a diverse range of 
coordination spheres and geometries. Rare Bi-Sb coordinative bonds have been formed by 
the reaction of Ph3Sb and BiCl3 with varying amounts of AlCl3, giving the bismuthino-
stibonium cation [Ph3SbBiCl2]+ and the bismuthenium-stibonium dication [Ph3SbBiCl]2+.104 
There has been recent interest in the development of Sb and Bi complexes with 
heavier Group 16 ligands for use as single source precursors for the chemical vapour 
deposition (CVD) of the thermoelectric materials E2Y3 (E = Sb, Bi; Y = Se, Te). Though the 
use of single source precursors to deposit III-V materials has been an active area of 
research for some time, development of similar routes to V-VI materials is still nascent.105 
One promising example is use of the 6-coordinate [Sb{N(TePiPr2)2}3] (Figure 1.7) as a 
precursor for aerosol assisted CVD of Sb2Te3 nanoplates.106, 107 20 
 
 
Figure 1.7 View of the structure of [Sb{N(TePiPr2)2}3] redrawn from ref. 106 
A discussion of bonding in Lewis base complexes of Sb(III) and Bi(III) can be found 
towards the end of Chapter 2, where it is examined in the context of  the halostibine 
complexes described therein. Sb(V) species have higher stability than either As(V) or Bi(V), 
and a significant coordination chemistry of Sb(V) exists. Complexes of Bi(V) are limited to 
haloanions and some organobismuth derivatives.101  
 




In its strictest sense, a hypervalent compound is one in which the central atom 
exceeds the octet rule. By this reckoning, for example, the haloanions of antimony and 
bismuth are hypervalent species. The term ‘hypervalent interaction’ generally refers to a 
secondary Lewis acid/base contact between a metal and a nearby donor atom which, while 
not as strong as a full covalent or ionic bond, can bring some stabilisation to the metal 
centre. This phenomenon of hypervalency in the narrower sense, which is common in 
organo-stibine and -bismuthine species with donor functionalised substituents, has been 
the subject of considerable research in the past few decades, and is the focus of a very 
recent review by Breunig and co-workers.108 Studies have centred on compounds with 
‘pendant arm’ coordination, in which a covalently bonded organic substituent of the Sb or 
Bi atom is functionalised with one or more O-, N- or occasionally S- or P-donor moieties 
which form hypervalent, dative interactions with the Group 15 metal, resulting in effective 
chelating behaviour of the substituent.  
Many hypervalent species possess chirality. In ordinary stibines and bismuthines 
the lack of inversion at the metal centre means chirality can arise solely from having three 
different substituents on the metal atom in addition to the lone pair. However, for 
hypervalent species there are also possibilities of chelate induced chirality (coordination of 
a pendant donor opposite one of two identical R groups makes them non-identical) and 
chiral planarity (when the hypervalent donor is out of the plane described by the other 
atoms of the chelate ring), which can result in several different possible stereoisomers of a 
given compound in the solid state (Figure 1.8).109  
 
Figure 1.8 Examples of chelate induced (top) and planar (bottom) chirality in 
hypervalent complexes 22 
 
Sometimes fluxional dissociation of the hypervalent contacts in solution is observed, 
limiting the usefulness of such compounds for induction of chirality in organic syntheses. 
However, more than one chiral species with hypervalent contacts has been resolved into 
enantiomerically pure compounds via complexation with optically pure palladium species, 
followed by separation of the diastereomeric adducts and decomplexation.48, 110 
Azastibocines and azabismocines containing hypervalent N→E interactions have 
been shown to be highly reactive and recoverable Pd-catalysed cross coupling reagents 
(Scheme 1.7).111, 112 The hypervalent interaction elongates and activates the E-R bond, 
causing a significant increase in reactivity. For example the ethynylation of vinyl halides 
using Ph2SbCCPh requires heating in coordinative solvents for 20 h, whereas using the 
activated azastibocine equivalent the same reaction proceeds at room temperature in under 
20 minutes.112 Changing R’ from Me to the more strongly σ-donating tBu improves cross 
coupling yields with less reactive, electron rich aryl halides by up to 25%. This appreciable 
difference in reactivity at E resulting from a change in substituent at N demonstrates the 
strong electronic communication between the two hypervalently bonded atoms. 
 
Scheme 1.7 Pd-catalysed cross coupling using hypervalent reagents (E = Sb, Bi) 
The presence of hypervalent contacts in organoantimony and organobismuth 
compounds has also been shown to be beneficial in applications of these species for 
catalysis, CO2 and CS2 capture, and as biological agents, often improving both activity and 
stability.113-117  
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1.6 Characterisation techniques 
In general the compounds discussed in this work have been characterised using 
those techniques which are common to synthetic organometallic and coordination 
chemistry. The application of these methods specifically to the characterisation of stibine 
and bismuthine species and their complexes is briefly discussed below. 
1.6.1 NMR spectroscopy 
Though both Sb and Bi each have nuclei with nonzero nuclear spins (Table 1.2), 
their large quadrupolar moments result in fast relaxation in low symmetry environments. 
Thus in stibines and bismuthines and their complexes resonances are so broad as to be 
unobservable, restricting us in most cases to the use of 1H and 13C{1H} NMR spectroscopy to 
probe the atom environments in the complexes through their organic substituents.  As well 
as giving information on ligand identity and conformation, these data can be used to 
indirectly study the environment of the Sb or Bi atoms.  
Table 1.2 Magnetic properties of Sb and Bi nuclei from ref. 118 
Nucleus  Spin  Abundance  Ξ (MHz)  Q (m2) 
121Sb  5/2  57.3%  24.1  -0.33 x 10-28 
123Sb  7/2  42.7%  13.0  -0.68 x 10-28 
209Bi  9/2  100%  16.4  -0.37 x 10-28 
 
It is noteworthy that carbon atoms which are directly bonded to Sb or Bi often have 
13C{1H} resonances with very low frequency shift, sometimes below that of tms. This 
phenomenon is known as the ‘heavy atom effect’ and is seen for several other p-block 
elements, and arises from spin-orbit coupling.119 Upon coordination of a Sb or Bi donor to a 
transition metal, the 1H and 13C{1H} resonances corresponding to the nearby organic 
moieties tend move to higher chemical shifts as electron density is transferred to the 
transition metal centre, and the magnitude of this shift can give an indication of the 
strength of σ-donation. In cases where multidentate coordination causes a locking of the 
ligand conformation, certain moieties of the ligand backbone which are in identical 
environments in the free ligand can become inequivalent, causing a splitting of the ligand 
resonances upon coordination. 
In metal carbonyl complexes, the 13C{1H} chemical shift of the CO groups on the 
transition metal can be used to probe the ratio of donor/acceptor ability (trans influence) of 
the other ligands coordinated to the transition metal. An increase in donor strength results 24 
 
in an increase in δ(CO) which can be correlated linearly with the decrease in C-O stretching 
frequency measured by infrared spectroscopy.120  
Some transition metals have NMR active nuclei, which can be probed to determine 
the number of species in solution and gives some information regarding coordination 
environment of the metal centre. In other cases a paramagnetic or quadrupolar metal 
centre can cause line broadening of 1H and 13C{1H} resonances of coordinated ligands.118 
1.6.2 X-ray crystallography 
For complexes of stibines and bismuthines, with either transition metals or with 
donor ligands, single crystal X-ray diffraction is one of the best ways to determine their 
structure and hence coordination modes, geometries and conformations. Compounds 
containing heavy Sb and Bi atoms diffract strongly, meaning small crystals can be used for 
structure determinations, and improvements in diffraction technology over the last few 
decades have resulted in a very rapid increase in the number of stibines and bismuthines 
which have been characterised structurally. This has allowed systematic analyses of trends 
in bond lengths and angles, giving rise to development of the bonding models discussed in 
Section 1.2.1. 
While arylstibine and arylbismuthine ligands are usually solids, those with alkyl 
substituents are more often oils at room temperature, precluding easy collection of single 
crystal data. Alkylstibines can be quaternised at Sb using an alkyl halide such as MeI 
(Scheme 1.8), the ionic, crystalline products of which are readily precipitated from reaction 
mixtures in organic solvents.32 
 
Scheme 1.8 Quaternisation of alkylstibines using methyl iodide 
Due to the relatively low nucleophilicity of organostibines, this is a fairly slow 
reaction, especially when R is a longer alkyl chain. This reaction does not occur for 
arylstibines, which can instead be oxidised with X2 (X = Cl, Br, I) to form pentavalent species 
which are generally crystalline solids (Scheme 1.9).  
 
Scheme 1.9 Oxidation of stibines using dihalides 
Attempts to react alkylbismuthines using these methods result in cleavage of Bi-C 
bonds.32    
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1.6.3 Mass spectrometry 
Hard ionisation techniques are of little use due to the ready fragmentation of Sb-C 
and Bi-C bonds under the required conditions, which result in complex and generally 
uninterpretable fragmentation patterns at low masses. Soft ionisation techniques such as 
FAB (fast atom bombardment) and in the case of charged species ESI+ (positive ionisation 
electrospray) give much better results, often allowing observation of a molecular ion. In the 
case of alkylstibine ligands quaternisation at the Sb centre with methyl iodide gives a 
cationic species which can be detected by ESI+ (Scheme 1.8, above). The presence of two 
abundant isotopes of antimony (Table 1.2) gives diagnostic isotope patterns, allowing exact 
determination of the number of Sb atoms in a given fragment.  
1.6.4 Infrared spectroscopy 
Infrared (IR) spectroscopy is not of much use in characterising free stibines or 
bismuthines as the vibrational bands corresponding to Sb-C and Bi-C occur in the 
‘fingerprint’ region of the infrared spectrum and are inseparable from those of the organic 
groups.121 However, many of the complexes discussed here contain transition metal 
carbonyl fragments and for these IR spectroscopy is an invaluable diagnostic tool, C≡O 
stretches occurring roughly in the region 1800-2150 cm-1. The number of bands observed 
gives information about the geometry of the molecule and the disposition of the carbonyl 
groups which can be derived from group theory.122 Comparison of stretching frequencies 
for the same metal carbonyl fragment with different co-ligands allows determination of the 
relative donor/acceptor ratios of these ligands. Those which donate more electron density 
to the metal centre cause increased back donation into the C≡O σ* orbitals, resulting in a 
weakening of the C≡O bonds and a decrease in stretching frequency, giving a measure of 
the relative trans influences of each co-ligand. This effect has been quantified for phosphine 
complexes of the nickel tricarbonyl unit by use of the Tolman electronic parameter.64 
   26 
 




The long term aims of this project are to prepare polydentate stibine and 
bismuthine ligands and investigate their coordination chemistry. As discussed above, the 
formation of multiple Sb-C or Bi-C bonds in the same molecule is challenging, and 
developing synthetic routes to accomplish this is a focus of the work which was undertaken 
from two starting points: 
1.  The investigation of the coordination chemistry of halostibines and bismuthines. 
These species are used regularly in the synthesis of more complex stibines and 
bismuthines. In order to gain a fuller understanding of their Lewis acidic/basic 
properties their coordination with neutral ligands and with transition metals 
has been investigated. The possibility of using transition metal complexes of 
these species as reagents for the formation of new Sb-C or Bi-C bonds has also 
been a driving force behind these studies. 
 
2.  Development of new hybrid ligands containing more than one Sb or Bi donor 
atom as well as other donor atoms, and investigation of the coordination 
chemistry of these ligands with transition metals. This allows development of 
synthetic pathways towards the preparation of polydentate stibine ligands, and 
gives insight into the behaviour of stibine or bismuthine donors within a 
polydentate ligand framework. To this end complexation of these ligands in 
polydentate binding modes (i.e. with both donor types coordinated) has been 
sought. In addition these hybrid species have the potential to form hypervalent 
interactions between the Sb or Bi atoms and the lighter heteroatoms. The 
occurrence of such interactions in species with more than one Sb or Bi centre, or 
in which the Sb or Bi atoms are acting as ligands towards transition metals, is 
rare and instances of both of these behaviours are investigated here. 
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Chapter 2 - Methylhalo-stibines and -bismuthines as Lewis acids 
2.1 Introduction 
Mixed organohalo-stibines and -bismuthines of the form ER2X or ERX2 (E = Sb, Bi; R 
= Ph, Me; X = Cl, Br) can be prepared by several methods and are often used as precursors 
in the synthesis of asymmetric stibines and bismuthines.1-3 
While organo-stibines and –bismuthines (ER3) are moderate Lewis bases, and 
antimony(III) and bismuth(III) halides (EX3) are good Lewis acids towards a range of donor 
ligands, mixed organohalo-stibines and -bismuthines ER(3-n)Xn (n = 1, 2) can be seen to 
possess both Lewis acidity and Lewis basicity to some extent. In this chapter, the trends in 
Lewis acidity of these species are explored.  
The Lewis acidity of ER(3-n)Xn declines as n goes from three to one, replacement of 
electron withdrawing halide groups by σ-donating R groups increasing the electron density 
on the Sb or Bi centre. EArX2 (Ar = aryl) are moderate Lewis acids, accepting one or two 
halide anions to form [E2Ar2X6]2- and [EArX4]2- respectively,4-6 and a fairly extensive 
chemistry of EArX2 with neutral donor ligands exists.7-10 ERX2 (R = alkyl) are expected to be 
a slightly poorer Lewis acids thanks to increased σ-donation from the R group, and adducts 
are much rarer, though this is likely due to the increased difficulty in synthesising the ERX2 
precursors. The dimeric dianions [Sb2Me2X6]2-(X = Cl, Br) are known,11, 12 and a handful of 
adducts of Sb(alkyl)X2 with neutral O, S and N-donor ligands.1, 13, 14 One unusual example 
exists with a Sb-donor ligand, [SbMe3SbMeI2], which can be trapped out as a product of the 
disproportionation of SbMe2I.15 Dihaloalkylbismuthine adducts are even rarer, the only 
crystal structures being of [BiMeCl2(bipy)], [BiMeBr2(thf)2] and [Bi(CH(SiMe3)2)Cl2(thf)].1, 16 
Structures containing ERX2 units almost all contain 5-coordinate, square pyramidal E 
centres, often linked by bridging halides to form dimers or polymeric chains. One exception 
is [SbRBr2(15-crown-5)] (R = Ph, Me) in which the Sb centre is 8-coordinate.13 
ER2X are weak Lewis acids, capable of accepting only one X- ion to form [ER2X2]-.4, 5 
There are no crystallographically characterised complexes of SbR2X with  neutral donors, 
though some limited data have been presented for [SbPh2X(L)] (L = pyridine, 2,2’-
bipyridine, 1,10-phenanthroline).10 For the slightly stronger acceptor BiR2X a handful of 1:1 
adducts are known with monodentate N and O-donors.7, 9, 17 There are, however, several 
examples in the literature of ER2X species involving intramolecular coordination (so-called 
hypervalent interactions, see Section 1.5) between the Sb or Bi atom and a hetero-donor 
pendant from the bound R groups.18, 19 Even when more than one such donor exists (e.g. if 
both R groups have pendant NH2 groups), only one is seen to coordinate to the central Sb or 
Bi atom in the solid state, though E-N bond lengths are comparable with those in nitrogen 36 
 
donor complexes of ERX2 discussed above, indicating that these are significant 
interactions.20 Similar intramolecular interactions can be observed in triorgano-stibines 
and -bismuthines containing hetero-donors as part of their organic moieties. These 
hypervalent interactions tend to be weaker, with longer bond distances, but indicate that 
ER3, despite their general employment as Lewis bases, still possess some Lewis acidic 
character.19, 21 This behaviour is further discussed in Chapters 3-5. 
Work has recently been published which demonstrates a rare incidence of a 
halobismuthine behaving as a Lewis acid towards transition metal centres.22, 23 Complexes 
of Bi(2-C6H4PPh2)2Cl with Au, Pd and Pt fragments display a Bi-M bond slightly longer than 
the sum of the covalent radii, which is positioned directly trans to the Bi-Cl bond. This 
disphenoidal geometry at Bi suggests that it is in fact acting as a σ-acceptor towards M, and 
this is confirmed by DFT (Density Functional Theory) calculations showing that a filled d-
orbital on M interacts with the same Bi p-orbital which is involved in the Bi-Cl bond. 
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2.2 Results and Discussion 
2.2.1 Synthesis of methylhalo-stibines and –bismuthines 
The species SbMe(3-n)Xn (n = 1, 2; X = Cl, Br) were prepared in high yield by 
treatment of a benzene solution of the corresponding methylphenylstibine with HCl or HBr 
gas (Scheme 2.1) in a modification of a literature method.1 SbMe2X are highly air sensitive 
pale yellow oils which when neat disproportionate over a period of days, even in an inert 
atmosphere, to give mixtures of SbMe3, SbMe2X and SbMeX2, though as dilute solutions in 
dry benzene they can remain stable over several weeks. SbMeX2 are off-white solids which 
are stable indefinitely when stored at -18 °C under N2. 
 
Scheme 2.1 Preparation methylhalostibines 
BiMenX(3-n) (n = 1, 2; X = Cl, Br) were prepared by addition of either one or two 
equivalents of MeLi to a solution of BiX3 in thf, causing stoichiometric alkylation at Bi 
(Scheme 2.2). BiMe2X are highly air sensitive in solution, but less prone to 
disproportionation than the Sb counterparts.  
 
Scheme 2.2 Preparation of methylhalobismuthines 
 
The crystal structure of BiMe2Br was determined (Figure 2.1). It shows polymeric 
Bi-Br linked chains, with two similar Bi units in the asymmetric unit, each of which displays 
a distorted trigonal bipyramidal geometry with axial Br groups and equatorial Me groups. 
One equatorial vertex is unoccupied. The chains are packed fairly closely (Figure 2.2), with 
interchain Bi···Br distances (3.883(1) and 3.940(1) Å) which are just above the sum of the 
Van der Waals radii (3.70 Å).24  38 
 
 
Figure 2.1 View of the asymmetric unit of BiMe2Br. Ellipsoids are drawn at the 50% 
probability level, and H atoms are omitted for clarity.  Symmetry operation: a = –x + 1, 
y – 1/2, –z – 1/2. 
Table 2.1 Selected bond lengths (Å) and angles (o) for BiMe2Br. 
Bi1C1             2.235(7)  C1Bi1C2         94.2(3) 
Bi1C2               2.248(7)  C1Bi1Br1        87.7(2) 
Bi1Br1            2.9225(7)  C2Bi1Br1        89.15(17) 
Bi1Br2             2.9229(7)  C1Bi1Br2        86.5(2) 
Bi2C4              2.243(6)  C2Bi1Br2        85.43(17) 
Bi2C3              2.257(6)  Br1Bi1Br2      171.72(2) 
Bi2Br2            2.8438(8)  C4Bi2C3          91.8(3) 
Bi2Br1             3.0169(8)  C4Bi2Br2        86.52(18) 
  C3Bi2Br2        90.58(18) 
  C4Bi2Br1        90.19(18) 
  C3Bi2Br1        88.68(18) 
  Br2Bi2Br1      176.61(2) 
  Bi1Br1Bi2       87.68(2) 
  Bi2Br2Bi1       115.64(3) 
 
Of the comparable structures in the literature, BiPh2Cl has a similar chain-like 
structure,25 whereas BiMes2Br can be seen as a series of trigonal pyramidal monomers 
linked by longer intermolecular Bi···Br contacts (3.795 Å), with the intramolecular Bi-Br 
distance (2.696 Å) being considerably shorter than the Bi-Br distances found in the chain 
structure of BiMe2Br (2.8443.017 Å).26 BiMeI2 adopts a different type of chain structure, 
with each adjacent pair of square pyramidal Bi atoms being linked by two bridging I atoms 
in the basal plane, forming a chain of 4-membered rings with one apical Me group on each 
Bi.27 BiMeCl2 also contains square pyramidal Bi centres but contrastingly these are linked in 
a net like 2D polymer via the four basal bridging Cl atoms. Two such nets are associated via    
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long Cl···Cl contacts (3.648 Å) to form a double layer structure with the apical Me groups 
facing outwards on each side.1 
No structures are known for SbMe2Br or SbMe2Cl as these are both oils, but that of 
SbMe2I displays a structure similar to that of BiMes2Br, being a chain in which each Sb has 
one short (2.799 Å) and one long (3.667 Å) Sb-I distance.28 The interchain Sb···I distances 
(4.024 and 4.167 Å) are considerably longer than the interchain Bi···Br contacts in BiMe2Br. 
 
Figure 2.2 View of the chain structure and packing of BiMe2Br. 
2.2.2 Coordination of methylhalo-stibines and -bismuthines with N-donor ligands 
Combination of EMeX2 (E = Sb, Bi; X = Cl, Br) and 2,2’-bipyridine (bipy) or 1,10-
phenanthroline (phen) in anhydrous acetonitrile results in the rapid precipitation of the 
corresponding [EMeX2(L-L)] (L-L = bipy, phen) as yellow powders. Refrigeration of the 
filtrates gave crystals from which the crystal structures were determined. The preparation 
and structures of [EMeCl2(bipy)] have been previously reported.1 Combination of BiMeBr2 
and tmeda (tmeda = tetramethylethylenediamine) similarly formed [BiMeBr2(tmeda)].  
Attempts to form the corresponding adducts of EMe2X under similar conditions 
initially resulted in a bright orange solution, which over a period of 30-60 minutes paled 
and precipitated the same yellow [EMeX2(L-L)] adducts, resulting from disproportionation 
at Sb or  Bi (Scheme 2.3), which were isolated after a few hours in moderate yield. The 
initial bright colour could indicate the formation in solution of [EMe2X(L-L)], but attempts 
to isolate and characterise such a product were unsuccessful. 




Scheme 2.3 Disproportionation of EMe2X in the presence of a Lewis base. E = Sb, Bi; X 
= Cl, Br; L-L = bipy, phen, tmeda. 
The neat precursors EMe2X disproportionate into EMeX2 and EMe3 over a period of 
days, and it is proposed that this process is accelerated by the complexation and 
precipitation of the resulting EMeX2 in the presence of the ligand, shifting the equilibrium of 
the disproportionation reaction towards the products. As a result of the attempted reaction 
of BiMe2Cl with tmeda, crystals of [BiMeCl2(tmeda)] were isolated and the crystal structure 
collected. 
The compounds were very sparingly soluble in chlorocarbons, precluding 13C NMR 
studies, though it was possible to obtain 1H NMR spectra. These allow us to observe a small 
shift to low frequency of the MeSb or MeBi resonance upon coordination (0.1-0.4 ppm), as 
well as a slight shift to high frequency in peaks corresponding to the ligand protons when 
compared to the free ligands (0.4-0.8 ppm). 
All four Sb adducts [SbMeX2(L-L)] have similar structures, exhibiting a pseudo-
square pyramidal geometry in which the Sb centre lies a little (0.18 -0.23 Å) below the basal 
plane formed by the chelating ligand and two cis halides, with the Me group in the apical 
position (Figures 2.3-2.5). The Sb-X bond distances (averaging 2.81 Å for Sb-Br and 2.64 Å 
for Sb-Cl) are significantly longer compared to those in the parent SbMeBr2 (average 2.57 Å) 
or SbMeCl2·0.6SbCl3 (2.39-2.43Å in the SbMeCl2 layer), which both consist of trigonal 
pyramidal SbMeX2 units associated into chains by long intermolecular Sb···X contacts.3 This 
bond lengthening can be accounted for by the rise in coordination number upon 
complexation. The Sb-C distances and C-Sb-X angles are relatively unchanged, but the X-Sb-
X angles are notably larger, for example going from 97.6(1)° in SbMeBr2 to 111.48(2)° in 
SbMeBr2(phen), which could be attributed to the small bite angle of the diimine ligands (N-
Sb-N averages 69.5°). Chloride and bromide analogues of the same formulation display very 
similar Sb-N and Sb-C distances, suggesting choice of halide has little effect on Lewis acidity. 
It is also notable that the complexes are all monomeric, with no intermolecular contacts 




Figure 2.3 View of the structure of [SbMeBr2(bipy)] with atom numbering scheme. 
Ellipsoids are shown at the 50% probability level and H atoms are omitted for clarity. 
Symmetry operation: a = x, ½–y, z. 
Table 2.2 Selected bond lengths (Å) and angles (o) for [SbMeBr2(bipy)].  
Sb1C1     2.117(8)   C1Sb1N1     85.2(2) 
Sb1N1     2.365(5)  N1Sb1N1a     69.2(2) 
Sb1Br1     2.7999(7)  C1Sb1Br1    84.56(2) 
  N1Sb1Br1    91.44(12) 
  N1Sb1Br1a    158.82(12) 
  Br1Sb1Br1a   106.01(3) 
 
 
Figure 2.4 View of the structure of [SbMeCl2(phen)]  with atom numbering scheme. 
Ellipsoids are shown at the 50% probability level and H atoms are omitted for clarity. 
Symmetry operation: a = x, 3/2 – y, z. 42 
 
Table 2.3 Selected bond lengths (Å) and angles (°) for [SbMeCl2(phen)]. 
Sb1–C1     2.133(8)  C1–Sb1–N1     86.9(2) 
Sb1–N1     2.376(4)  N1–Sb1–N1a     69.9(2) 
Sb1–Cl1     2.6534(14)  C1–Sb1–Cl1     84.64(13) 
  N1–Sb1–Cl1     87.40(12) 
  N1–Sb1–Cl1a     156.20(11) 
  Cl1–Sb1–Cl1a     113.83(6) 
 
 
Figure 2.5 View of the structure of [SbMeBr2(phen)] with atom numbering scheme. 
Ellipsoids are shown at the 50% probability level and H atoms are omitted for clarity. 
Symmetry operation: a = x, –y, z. 
Table 2.4 Selected bond lengths (Å) and angles (o) for [SbMeBr2(phen)]. 
Sb1C1     2.120(4)  C1Sb1N1     86.76(12) 
Sb1N1     2.377(3)  N1Sb1N1a     70.23(12) 
Sb1Br1     2.8138(5)   C1Sb1Br1     84.91(7) 
  N1Sb1Br1a    88.46(6) 
  N1Sb1Br1     157.52(6) 
  C1Sb1Br1a     84.90(7)  
  Br1Sb1Br1a   111.48(2) 
 
Preparation of the complexes of SbPhX2 (X = Cl, Br) with N-donor ligands bipy, phen 
and pyridine was reported by Sowerby et al., including elucidation of the X-ray structure of 
[SbPhCl2(bipy)], which is directly comparable to that observed for [SbMeCl2(bipy)], with the 
phenyl ring occupying the apical position in place of the methyl, and similar bond lengths    
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and angles.10 Comparisons can also be made with corresponding SbX3 complexes. The 
structurally elucidated [SbBr3(phen)]29 and [SbCl3(bipy)]30 also contain square pyramidal 
Sb centres, but in both cases one of the ligand N-donors is in the apical position, with the 
other N and three halides in the basal plane. The former is associated into dimers through 
long Sb···Br contacts (3.63 Å) positioned roughly opposite to the apical N donor, and the 
latter into 1D chains via similar interactions (Sb···Cl = 3.34 Å). The ligand is asymmetrically 
coordinated with two fairly disparate Sb-N distances, contrasting with the totally 
symmetrical coordination observed in the [SbMeX2(L-L)] complexes presently under 
discussion. [SbF3(phen)] displays phen asymmetrically coordinated to Sb, with increased 
Sb-N distances compared to the Cl and Br analogues, closely associated into dimers via 
short Sb-F contacts (2.52 Å), creating an irregular 6-coordinate geometry at Sb.31 
The complexes [BiMeBr2(bipy)] and [BiMeBr2(phen)] (Figures 2.6 and 2.7) display a 
very similar square pyramidal geometry at Bi, with the Me substituent apical as observed 
for the Sb analogues, and the Bi atom displaced below the basal plane by 0.22 and 0.16 Å 
respectively. As would be expected for the larger Bi centre, the Bi-C, Bi-N and Bi-X distances 
are somewhat longer than the corresponding Sb distances, and it is also noticeable that the 
N-E-N bite angle is consistently smaller for E = Bi compared to E = Sb (66.7° vs. 70.2° in 
EMeBr2(phen), 65.4° vs. 69.2° in [EMeBr2(bipy)]). It is likely that, despite the higher Lewis 
acidity of the Bi centre, the increased mismatch in orbital size with the N lone pairs and 
greater disparity between the small ligand bite angle and large Bi atom means that the 
interaction has a higher electrostatic character than in the complex of the slightly smaller 
Sb.  
 
Figure 2.6 View of the structure of [BiMeBr2(bipy)] with atom numbering scheme. 
Ellipsoids are shown at the 50% probability level and H atoms are omitted for clarity. 
Symmetry operation: a = x, 1/2 – y, z. 44 
 
Table 2.5  Selected bond lengths (Å) and angles (o) for [BiMeBr2(bipy)] 
Bi1C1             2.215(7)  C1Bi1N1     84.86(19) 
Bi1N1           2.500(4)  N1Bi1N1     65.41(17) 
Bi1Br1           2.8269(7)  C1Bi1Br1     85.62(12)  
  N1Bi1Br1     92.18(9) 
  N1Bi1Br1     156.33(9) 
  Br1Bi1Br1     108.64(3) 
 
 
Figure 2.7 View of the structure of [BiMeBr2(phen)] with atom numbering scheme. 
Ellipsoids are shown at the 50% probability level and H atoms are omitted for clarity. 
Symmetry operation: a = x, 3/2 – y, z. 
Table 2.6 Selected bond lengths (Å) and angles (°) for [BiMeBr2(phen)]. 
Bi1C1                 2.227(10)  C1Bi1N1          86.5(3) 
Bi1N1              2.508(6)  N1Bi1N1         66.7(3) 
Bi1Br1                2.8425(10)  C1Bi1Br1        86.51(16) 
  N1Bi1Br1       88.88(14) 
  N1Bi1Br1        154.98(13) 
  C1Bi1Br1        86.51(16) 
  Br1Bi1Br1      114.63(4) 
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The structures of [BiMeX2(tmeda)] (X = Cl, Br) once again show square pyramidal 
geometry at Bi with an apical Me group (Figures 2.8 and 2.9). The wider bite angle of the 
more flexible diamine ligand, with average N-Bi-N angle of 73.8° compared to 66.1° in the 
diimine complexes, leads to a less distorted basal plane, allowing the Bi atom to sit more 
within the plane (average displacement below plane of 0.10 Å). The Bi-N and Bi-C bond 
lengths are very similar for all four complexes, suggesting that variations in halide or ligand 
do not significantly affect the bonding within these complexes. 
 
Figure 2.8 View of the structure of [BiMeCl2(tmeda)] with atom numbering scheme. 
Ellipsoids are shown at the 40% probability level and H atoms are omitted for clarity. 
Table 2.7 Selected bond lengths (Å) and angles (o) for [BiMeCl2(tmeda)]. 
Bi1C1               2.228(16)  C1Bi1N1         90.4(5) 
Bi1N1               2.514(12)  C1Bi1N2          89.0(6) 
Bi1N2               2.574(12)  N1Bi1N2         73.7(4) 
Bi1Cl1               2.642(4)  C1Bi1Cl1         87.8(5) 
Bi1Cl2              2.761(4)  N1Bi1Cl1         86.3(3) 
  N2Bi1Cl2          95.2(3) 
  C1Bi1Cl2         84.8(4) 
  Cl1Bi1Cl2       104.43(13) 
  N2Bi1Cl1        159.7(3) 




Figure 2.9 View of the structure of [BiMeBr2(tmeda)] with atom numbering scheme. 
Ellipsoids are shown at the 50% probability level and H atoms are omitted for clarity.  
Table 2.8 Selected bond lengths (Å) and angles (o) for [BiMeBr2(tmeda)]. 
Bi1C1             2.231(13)  C1Bi1N1          89.4(5) 
Bi1N1              2.509(11)  C1Bi1N2           91.5(5) 
Bi1N2             2.520(11)  N1Bi1N2          73.8(4) 
Bi1Br2             2.8743(16)  C1Bi1Br2           86.3(4) 
Bi1Br1             2.8873(16)  N2Bi1Br2         90.7(3) 
  C1Bi1Br1           86.1(4) 
  N1Bi1Br1         86.9(3) 
  Br2Bi1Br1      108.32(5) 
  N1BiBr2          163.9(3) 
  N2Bi1Br1         160.6(3) 
 
It is of interest to note that all four complexes are monomeric, with no 
intermolecular interactions within the sum of the Van der Waals radii, whereas the 
reported structure for [BiMeCl2(bipy)], while containing similar square pyramidal 
molecular units, is dimeric, two such units being linked by two long Bi···Cl contacts (3.64 Å 
and 3.95 Å).1 The reason for this difference is not clear – it could be argued, when 
comparing the direct bromo- and chloro- analogues [BiMeX2(bipy)] that the more 
electronegative Cl increases the Lewis basicity, encouraging further coordination, or that 
the size difference between the halides makes an increase in coordination number more    
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sterically favourable in the Cl case. However, these should both be small effects, and they 
fail to explain the monomeric structure observed for [BiMeCl2(tmeda)]. 
The Bi-Cl distances in [BiMeCl2(tmeda)] are comparable to those in the parent 
BiMeCl2, which also contains 5-coordinate square pyramidal Bi atoms, although in the latter 
each Cl bridges two Bi centres.1 The Bi-C distances are also similar, suggesting coordination 
of the ligand has little effect on the bonding in the core BiMeCl2 unit. No structure is known 
for BiMeBr2, but a thf adduct, [BiMeBr2(thf)2] has been structurally characterised.16 This is 
similar in structure to [BiMeCl2(bipy)], containing two square pyramidal units with cis 
ligands, apical Me groups, and two intermolecular Bi···Br contacts (3.98 Å), though in this 
case the resulting dimer is centrosymmetric. Several adducts of bismuth trihalides with 
varying ratios of phen and bipy have been characterised, all of which display coordination 
number of 6 or higher.32-34 The 1:1 adducts are strongly associated dimers, with two 
bridging Br atoms being almost equidistant between Bi centres (e.g. in [BiBr3(phen)·MeCN] 
bridging Bi-Br = 3.02 Å and 2.99 Å) resulting in  pseudo-octahedral Bi centres. The 1:2 
adducts show distorted 7-coordinate geometry, and the 1:1.5 adduct [(bipy)2Cl2Bi(μ-
Cl)BiCl3(bipy)] has one 6- and one 7-coordinate Bi centre. We found no evidence for the 
formation of 1:2 adducts of these ligands with BiMeX2 even when the starting materials 
were combined in these proportions.  
Complexes of BiPhX2 (X = Cl, Br, I) with bipy and phen have been prepared and their 
IR spectra interpreted to suggest halide bridging in the solid state, although no examples 
have been crystallographically characterised.35 We can, however, draw comparisons with 
[BiPhX2(py)2] (py = pyridine, 4-methylpyridine, 4-tert-butylpyridine; X = Cl, Br), in which 
the Bi adopts the familiar square pyramidal structure with the C atom axial, but in which 
the two pyridine groups, and hence the halides, are trans to one another.7 It therefore 
seems probable that in the systems described here the cis nature of the ligand coordination 
is owed entirely to the constraints of the ligand backbone rather than any electronic 
preference. All the structurally characterised examples of [BiPhX2(py)2] contain 
intermolecular Bi···X contacts associating them into dimers or polymeric chains.  
The decreased coordination numbers observed for complexes of BiMeX2 when 
compared to those of the bismuth trihalides or arylhalides can be attributed to the 
replacement of an electronegative halide or weakly σ-donating aromatic group with a 
strongly σ-donating Me group causing a lowering of the Lewis acidity in the parent species.  
In one case a few colourless crystals were isolated from the reaction of BiMeBr2 
with phen. Elucidation of the X-ray structure showed them to be [Li(H2O)(phen)2] 
[Li(phen)2(µ-Br)BiMeBr3]·thf (Figure 2.10). A by-product in the synthesis of the BiMeBr2 
precursor is LiBr, which in this case must have persisted as an impurity, causing formation 48 
 
of this unusual species as a minor product of the subsequent reaction with phen. It can be 
regarded as two [Li(phen)2]+ cations, one of which is stabilised by a water molecule, the 
other by an association with one of the Br atoms from a [BiMeBr4]2- anion. Several 
[Li(phen)2]+ cations have been structurally characterised in the literature, with a variety of 
both coordinating and non-coordinating anions. One example in which Li is coordinated to 
a Br counterion is known, in which Li-Br = 2.77Å.36 This is very similar to the Li-Br distance 
in [Li(phen)2(µ-Br)BiMeBr3]-, with similar geometry around Li in both cases. The closest 
literature analogue to [Li(H2O)(phen)2]+ is [Li(MeOH)(phen)2]+, in which the Li-O distances 
are slightly longer, but which is otherwise very similar geometrically.37 [BiMeBr4]2- is a 
slightly distorted square pyramid with basal Br atoms and an apical Me group. The Bi-C 
bond length (2.238(3) Å) is comparable to that found in the N-donor adducts of BiMe2Br 
described above, and the Bi-Br lengths are also over a similar range (2.7839(4) – 2.9704(4) 
Å). Unexpectedly the shortest Bi-Br bond is that to the Br which is associated with the Li 
atom. There are no other crystallographically characterised examples of the [BiMeBr4]2- 
anion, though there is plenty of precedent for Bi(III) and Sb(III) halide dianions, including 
several examples of [SbPhX4]2-,4, 7 which show a similar square pyramidal structure with 
basal X and apical C substituents. 
 
Figure 2.10 View of the structure of the [Li(phen)2(μ-Br)BiMeBr3]- unit in 
[Li(H2O)(phen)2] [Li(phen)2(μ-Br)MeBr3Bi]·thf with atom numbering scheme. 
Ellipsoids are shown at the 50% probability level and H atoms are omitted for clarity.    
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Table 2.9 Selected bond lengths (Å) and angles (°) for [Li(phen)2(μ-Br)BiMeBr3]-  
Bi1−C1     2.238(3)  C1−Bi1−Br1     83.13(7) 
Bi1−Br4     2.7839(4)  C1−Bi1−Br2     91.41(8) 
Bi1−Br2     2.8558(3)  C1−Bi1−Br3     87.85(8) 
Bi1−Br3     2.8739(4)  C1−Bi1−Br4     89.70(7) 
Bi1−Br1     2.9704(4)  Br4−Bi1−Br2     85.65(1) 
Br4−Li1     2.776(5)  Br4−Bi1−Br3     90.82(1) 
O1−Li2     1.981(5)  Br2−Bi1−Br1     88.62(1) 
Li-N     2.062(5)−2.150(5)  Br3−Bi1−Br1     94.78(1) 
  Li1−Br4−Bi1      126.0(1) 
 
2.2.3 Coordination of methylhalostibines with O-donor ligands 
Reaction of SbMeBr2 with phosphine oxide ligands OPR3 (R = Ph, Me) results in the 
formation of the 1:2 complexes [SbMeBr2(OPR3)2] which can be isolated as white solids. 
Combination of SbMe2Br with OPPh3 in CD3CN was monitored by 1H NMR, showing no 
evidence for formation of an adduct in solution.  Slow crystallisation (24 hours) from 
reaction mixtures of SbMe2X and OPPh3 in acetonitrile gave the disproportionated product 
[SbMeX2(OPPh3)2] only, and crystals of the complex [SbMeCl2(OPPh3)2] were isolated in this 
way in 46% yield. It is presumed that this disproportionation arises from the same factors 
that resulted in similar behaviour for the N-donor ligands above, but that the solubility of 
the [SbMeX2(OPPh3)2] complex in MeCN means the driving force of product precipitation is 
not present, hence disproportionation happens over a longer timescale. However, yields 
nearing the theoretical 50% maximum for the disproportionation product indicate that the 
reaction is driven to completion in the presence of the ligand, whereas neat SbMe2X left for 
a week still contains a significant quantity of SbMe2X by 1H NMR, as well as SbMeX2 and 
SbMe3.  
1H NMR spectroscopy of [SbMeX2(OPR3)2] shows a shift to low frequency in the 
MeSb resonance upon coordination of the ligand, very modest in the case of the OPPh3 
complexes (~0.05 ppm), but slightly more pronounced for the more strongly donating 
OPMe3 ligand (0.20 ppm). Similarly there is a small shift to high frequency for the 
resonances corresponding to the OPPh3 aromatics or the OPMe3 Me-doublet. The 31P{1H} 
NMR spectra show singlets shifted to high frequency compared to the free ligand, this shift 
being more pronounced in the OPMe3 adduct (12 ppm) than the OPPh3 adducts (5-7 ppm). 
The infrared spectra showed ν(P=O) to decrease by ~50 cm-1 compared to the free ligand, a 
similar shift to those seen in [SbX3(OPPh3)2] (X = F, Cl, Br).38, 39 50 
 
The crystal structures of [SbMeX2(OPPh3)2] both contain cis coordinated OPPh3 
ligands, each of which lies trans to a Sb-X bond (Figures 2.11 and 2.12). The Me group is 
disordered over two axial positions, resulting in a square pyramidal Sb centre. Due to the 
disorder, the central Sb ellipsoid is elongated along the apical axis (disordered over two 
very similar positions), making Sb-C bond lengths unreliable and precluding calculation of 
the displacement of Sb out of the basal plane. This statistical disorder is also observed for 
the axial Cl atom in the structure of [SbCl3(OPPh3)2],40  and can be rationalised by 
considering that the bulky OPPh3 ligands will control the packing of the molecules and 
crystallographic symmetry, meaning the absolute position of the Me (or Cl) group is 
unaffected by packing considerations and either crystallographically equivalent position is 
equally favoured. 
 
Figure 2.11 View of the structure of [SbMeCl2(OPPh3)2] with atom numbering scheme. 
Ellipsoids are shown at the 30% probability level and H atoms are omitted for clarity. 
Symmetry operation: a = –x, y, ½–z. The Me substituent on Sb1 is disordered over two 
sites (related by the crystallographic 2-fold axis), hence only one can be present in a 
given molecule. The alternative position is shown by the dotted bonds. 
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Table 2.10 Selected bond lengths (Å) and angles (o) for [SbMeCl2(OPPh3)2].  
Sb1–C1     1.941(6)  C1–Sb1–O1     87.3(2) 
Sb1–O1     2.507(2)  C1–Sb1–O1a     91.4(2) 
Sb1–Cl1     2.5167(9)   O1–Sb1–O1a     84.74(10) 
P1–O1      1.503(2)  C1–Sb1–Cl1a     92.2(2) 
  C1–Sb1–Cl1     89.0(2) 
  O1–Sb1–Cl1     174.32(6) 
  O1–Sb1–Cl1a     91.05(6) 
  C1Sb1Cl1     92.17(18) 
  P1–O1–Sb1     141.27(12) 
 
 
Figure 2.12 View of the structure of [SbMeBr2(OPPh3)2] with atom numbering scheme. 
Ellipsoids are shown at the 50% probability level and H atoms are omitted for clarity. 
Symmetry operation: a = 1–x, y, ½–z. The Me substituent on Sb1 is disordered over two 
sites, hence only one can be present in a given molecule. The alternative position is 
shown by the dotted bonds. 
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Table 2.11 Selected bond lengths (Å) and angles (o) for [SbMeBr2(OPPh3)2]. 
Sb1–C1     1.947(7)  C1–Sb1–O1a     86.2(2) 
Sb1–O1     2.440(2)  C1–Sb1–O1     94.1(2) 
Sb1–Br1     2.6675(5)   O1–Sb1–O1a     85.33(11) 
P1–O1      1.508(2)  C1–Sb1–Br1a     89.8(2) 
  O1–Sb1–Br1a     174.31(6) 
  C1–Sb1–Br1    89.9(2) 
  O1–Sb1–Br1     90.80(6) 
  Br1–Sb1–Br1a   93.35(2)  
  P1–O1–Sb1     139.73(14) 
 
The asymmetric unit of [SbMeBr2(OPMe3)2] (Figure 2.13) is composed of two 
almost identical square pyramidal molecules, with cis coordinated ligands and bromides 
forming the base and the apical Me this time being well defined, allowing us to observe that 
the Sb centre lies 0.18 Å below the basal plane. The Sb-O distances are more than 0.2 Å 
shorter than in the OPPh3 equivalent, as would be expected due to the increased donor 
power imparted by the strongly σ-donating Me substituents. 
 
Figure 2.13 View of the structure of one of two [SbMeBr2(OPMe3)2] molecules in the 
asymmetric unit with atom numbering scheme. Ellipsoids are shown at the 50% 
probability level and H atoms are omitted for clarity. 
All three complexes have very similar Sb-C distances, which also correspond closely 
to those observed in the N-donor complexes. The Sb-Br and Sb-Cl distances are also similar 
to those in corresponding N-donor adducts, though significantly longer than those in solid    
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state structures of the parent SbMeX2. The O-Sb-O angles average 84.4°, considerably larger 
than the N-Sb-N angles in the complexes of bidentate N-donor ligands, no doubt due to lack 
of constraint by a ligand backbone, and correspondingly X-Sb-X is smaller than in the N-
donor complexes, being little changed from those found in the parent SbMeX2.3 
The structure of [SbMeCl2(OPPh3)2] is comparable to that of [SbCl3(OPPh3)2], with 
one apical Me taking the place of the Cl group, with very similar basal bond lengths and 
bond angles.40 Unusually for a 5-coordinate complex of antimony trihalide, [SbCl3(OPPh3)2] 
and the isomorphous [SbBr3(OPPh3)2] are monomeric in the solid state, possibly due to the 
steric bulk of the OPPh3 ligands preventing close approach of neighbouring molecular units. 
Table 2.12 Selected bond lengths (Å) and angles (o) for [SbMeBr2(OPMe3)2]. 
Sb1–C1     2.120(7)  C1–Sb1–O1     86.8(2)  
Sb1–O1     2.235(4)  O1–Sb1–O2     83.1(2)  
Sb1–O2     2.203(4)   O1–Sb1–Br2     167.72(12)  
Sb1–Br1     2.8370(9)  C1–Sb1–Br1     85.6(2) 
Sb1–Br2     2.8344(8)   O2–Sb1–Br1     171.79(12)  
Sb2–C2     2.128(7)  C1–Sb1–O2     88.1(2)  
Sb2–O3     2.261(5)   C1–Sb1–Br2     84.7(2)  
Sb2–O4     2.244(5)  O2–Sb1–Br2     87.71(12)  
Sb2–Br3     2.8072(9)   O1–Sb1–Br1     91.25(12) 
Sb2–Br4     2.8133(8)  Br1–Sb1–Br2     96.97(3) 
P1–O1      1.524(5)  C2–Sb2–O3     85.2(2)  
P2–O2      1.527(5)  O3–Sb2–O4     83.9(2)  
P3–O3      1.524(5)  O4–Sb2–Br3     172.88(12)  
P4–O4      1.524(5)  C2–Sb2–Br4     85.3(2) 
  O4–Sb2–Br4     87.90(12) 
  C2–Sb2–O4     87.7(2)  
  C2–Sb2–Br3     85.8(2) 
  O3–Sb2–Br3     92.52(12) 
  O3–Sb2–Br4     167.72(12) 
  P1–O1–Sb1     138.5(3) 
  P2–O2–Sb1     139.2(3) 
  P3–O3–Sb2     135.8(3) 




2.2.4 Bonding in coordination complexes of methylhalo-stibines and -bismuthines 
When describing the bonding in adducts of halostibines and bismuthines with Lewis 
bases (both neutral donors and haloanions), a model is required that explains the trends in 
reactivity, coordination number and geometry. Two qualitative bonding models have been 
proposed, the first of which is based on the Valence Shell Electron Pair Repulsion (VSEPR) 
theory.41 This can be used to explain the square pyramidal geometry of the monomeric 
complexes [ERX2(L-L)] by considering the lone pair on Sb or Bi to be stereochemically 
active, filling the vacant octahedral site below the basal plane. Repulsion from the 
stereochemically active lone pair could account for the distortion of the geometry which 
places Sb or Bi slightly below the plane. However, we must consider the large number of 
examples of EX3 adducts in which intermolecular bonding places a bridging halide in this 
vacant site, precluding the presence of a lone pair localised in the same position. Instead, for 
this behaviour to be explained by VSEPR, we have to consider the lone pair on Sb or Bi to be 
confined to the s orbital, and the electron density from the bridging halide to be interacting 
with the vacant Sb 5d or Bi 6d orbitals. The accessibility of the valence d-orbitals of Sb and 
Bi is a matter for debate, but their high energy seems to make such interactions unlikely. 
Furthermore, the observation that the presence of such intermolecular interactions can 
vary between similar systems, for example being present in [BiBr3(bipy)], but not in 
[BiMeBr2(bipy)], suggests that differences in coordination environment at Sb or Bi can 
result from fairly small energetic differences. It seems unlikely that there would be a 
significant change in bonding paradigm (with the lone pair being stereochemically active in 
one case and not the other) as a result of such a small stepwise change. 
The second approach considers a three centre four electron ‘secondary’ bonding 
model, in which the lone pairs from the Lewis bases interact with the σ* antibonding 
orbitals of the pyramidal [ER(3-n)Xn] (n = 1-3) core (Figure 2.14).42 This model has been used 
to rationalise the trends in formation of phenylchloroantimonates, in which Cl- ions from a 
source such as Me4NCl or pyridine hydrochloride are accepted by Sb. The electron density 
from the chloride anion is seen to be donated into Sb-Cl σ* orbitals resulting in formation of 
trans Cl-Sb-Cl three centre four electron bonds, whereas the Sb-C σ* orbital is deemed too 
high in energy to form such interactions.4 Hence SbPh2Cl can accept only one Cl-, forming 
[SbPh2Cl2]-, but SbPhCl2 can accept one or two Cl- to form [SbPhCl3]- and [SbPhCl4]2-, with 
the structures showing a vacant coordination site trans to Ph in each case. Correspondingly, 
SbPh3 will accept no Cl- ions and SbCl3 can accept up to three, forming the octahedral 
[SbCl6]3-. This treatment has been extended to explain the adducts of phenylhalostibines 
with neutral N-donors.10 If we consider the methylhalostibine complexes discussed above 
in light of this model, we can explain the fact that the C atom always occupies the apical site    
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by considering that the Sb-C σ* orbital is too high in energy to accept electron density from 
the ligand lone pairs, forcing the ligands to coordinate trans to the halide atoms.  
 
Figure 2.14 a: σ* orbitals in EMeX2 core; b: three centre four electron bond formation 
by donation of lone pair of ligand L into E-X σ* orbitals. 
The same rationalisation can apply to the bismuthine complexes described in this 
chapter, and could be employed to explain the fact that although BiR2X is known to form 1:1 
adducts with pyridine,7 BiMe2X would not form complexes of bidentate pyridine based 
donors, preferring instead to form the disproportionation product in which both N atoms 
were able to coordinate trans to a Bi-X bond. Complexes of arylhalobismuthines also follow 
this trend, with coordination of both neutral donors and haloanions being observed 
exclusively trans to Bi-X rather than Bi-C bonds in all 47 examples of Bi(III)ArX2 adducts 
and all 24 examples (all but four of which feature intramolecular coordination) of 
Bi(III)Ar2X adducts found on the Cambridge structural database.43 It is also noted that the 
Bi-X bond length is related to strength of the trans donor’s coordination, stronger donation 
leading to increased population of the antibonding orbital and thus longer Bi-X bonds. One 
example is the inverse relationship of trans Bi-O and Bi-Br bond lengths in [BiPh2Br(thf)] 
compared to [BiPhBr2(thf)].17 
The three centre four electron bond model is also successful in rationalising 
bonding in Sb(III) and Bi(III) halogenoanions,44, 45 but breaks down entirely when trying to 
describe the 7-coordinate bonding in [BiX3(L-L)2] (X = Cl, Br, I; L-L = bipy, phen), which 
demands a return to VSEPR theory to rationalise the distorted pentagonal bipyramidal or 
‘monocapped octahedral’ structure observed.34 The long intermolecular Bi···X contacts seen 
in several structures, for example [BiMeCl2(bipy)]and [BiPh2I2]-, are placed roughly trans to 
the Me group, which is also at odds with the inaccessibility of the Bi-C σ* orbital, but these 
interactions are weak and may be due more to electrostatic or packing considerations than 
true coordinative bonds.1, 6 A theoretical study of the bonding in BiMeI2 using the extended 
Hückel method concluded that the HOMO contained significant Bi-px character (Bi-C lying 
along the x-axis), suggesting a stereochemically active lone pair type orbital was present.27   56 
 




A series of methyldihalo-stibine and -bismuthine adducts with neutral ligands have 
been prepared and characterised crystallographically, and trends between their structures 
discussed. A reduced tendency of these species to form halide-bridged structures in the 
solid state was observed, compared to similar complexes of EX3 and EArX2. This is the result 
of a lower Lewis acidity of the alkyl substituted halostibines compared to those with more 
weakly σ-donating (Ph) or σ-withdrawing (X) substituents. Contrastingly, dimethylhalo-
stibines and -bismuthines were found to disproportionate in the presence of Lewis bases, 
driven by complexation of the resulting methyldihalo-stibine or –bismuthine species. 
Bonding in complexes of ER(3-n)Xn (n = 1, 2) has been discussed, the secondary bonding 
model providing the best rationalisation for the observed structural data. 
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2.4.1 SbMeBr2  
SbMePh2 (2.00 g, 6.87 mmol) was dissolved in toluene (80 mL) and HBr bubbled through 
the solution for 15 min. The reaction vessel was sealed and the reaction mixture stirred for 
30 min. Residual HBr was removed by passing a slow stream of nitrogen through the 
solution overnight. The solvent was removed in vacuo yielding an off-white solid. Yield 1.75 
g, 86%. 1H NMR (CDCl3): δ 2.23 (s, Me). 13C{1H} NMR (CDCl3): δ 21.9 (Me). 
2.4.2 SbMeCl2   
SbMePh2 (2.00 g, 6.87 mmol) was dissolved in toluene (80 mL) and HCl bubbled through 
the solution for 15 min. The reaction vessel was sealed and the reaction mixture stirred for 
30 min. Residual HCl was removed by passing a slow stream of nitrogen through the 
solution overnight. The solvent was removed in vacuo yielding an off-white solid. Yield 1.00 
g, 70%. 1H NMR (CDCl3): δ 1.88 (s, Me). 13C{1H} NMR (CDCl3): δ 27.5 (Me). 
2.4.3 SbMe2Br 
SbMe2Ph (2.1 g, 9.2 mmol) was dissolved in benzene (100 mL), and HBr was bubbled 
through the solution for 15 min. The reaction vessel was sealed and the reaction mixture 
stirred for 30 min. Residual HBr was removed by passing a slow stream of nitrogen through 
the solution overnight. The solution was filtered and the solvent was removed in vacuo 
yielding a pale yellow oil. Yield 1.2 g, 56%.  1H NMR (CDCl3): δ  1.49 (s, Me). 13C{1H} NMR 
(CDCl3): δ 8.9 (Me).  
2.4.4 BiMeBr2 
BiBr3 (5.83 g, 13 mmol) was dissolved in thf (40 mL) forming a yellow solution which was 
cooled to 78 °C. MeLi (1.6 M solution in Et2O, 8.1 mL, 13 mmol) was added dropwise with 
stirring, resulting in formation of a white precipitate. The reaction was warmed to room 
temperature and stirred (~ 16 h) and the solid was removed by filtration. The solvent from 
the filtrate was removed in vacuo to yield an off white solid. Yield 3.5 g, 70%. 1H NMR 





2.4.5 BiMe2Cl   
BiCl3 (2.6 g, 8.25 mmol) was dissolved in thf (50 mL) and the solution cooled to 78 °C. 
MeLi (1.6 M solution in Et2O, 10.5 mL, 16.5 mmol,) was added dropwise and the mixture 
allowed to warm to room temperature (1.5 h.), producing a white precipitate. The solvent 
was removed in vacuo and the solid residues re-dispersed in toluene (40 mL). The mixture 
was filtered through celite and the resultant clear solution reduced in volume, giving yellow 
oil with some suspended white solids. 1H NMR (CDCl3): δ 1.8 (s, Me). 13C{1H} NMR (CDCl3): δ 
36.2 (Me). 
2.4.6 BiMe2Br 
BiBr3 (3.0 g, 6.7 mmol) was dissolved in diethyl ether (150 mL) forming a yellow solution, 
which was cooled to 78 °C. MeLi (1.6 M in Et2O, 8.4 mL, 13.4 mmol) was added dropwise 
with stirring, then the reaction mixture was stirred for 30 min. at 78 °C resulting in 
formation of a white precipitate. The mixture was filtered through celite and glass wool, 
and the cloudy, colourless filtrate reduced in vacuo to leave an off white solid. Addition of 
toluene (80 mL) resulted in a clear solution and some undissolved white solid. Filtration 
produced a clear solution, from which the volatiles were removed in vacuo, yielding a pale 
yellow powder. Recrystallisation from hexane gave colourless crystals from which the X-ray 
data were collected. 1H NMR (CDCl3): δ 2.02 (s, Me). 13C{1H} NMR (CDCl3): δ 28.7 (Me). 
2.4.7 [SbMeBr2(bipy)] 
SbMeBr2 (0.25 g, 0.84 mmol) was added to a solution of 2,2’-bipyridine (0.13 g, 0.84 mmol) 
in acetonitrile (10 mL). The reaction mixture was stirred for 1 h. resulting in a pale yellow 
solution and a yellow precipitate. The solid was isolated by filtration dried in vacuo. 
Refrigeration of the filtrate (~16 h.) gave yellow crystals from which the X-ray data were 
collected. Yield 0.23 g, 60%. Anal. Calcd. for C11H11Br2N2Sb: C, 29.2; H, 2.5;  N, 6.2. Found: C, 
28.9, H, 2.7; N, 4.9% (Collected from crystalline sample. Low N cannot be accounted for by 
solvent). 1H NMR (CD2Cl2): δ 1.86 (s, [3H], MeSb), 7.86 (t, [2H]), 8.19 (t, [2H]), 8.32 (d, [2H]) 
and 9.54 (d, [2H]) (aromatics).  
2.4.8 [SbMeCl2(phen)] 
SbMeCl2 (0.25 g, 1.2 mmol) was added to a solution of 1,10-phenanthroline (0.22 g, 1.2 
mmol) in acetonitrile (12 mL). The reaction was stirred for 2 h. resulting in a yellow    
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precipitate. The solid was isolated by filtration and dried in vacuo. Refrigeration of the 
filtrate (~16 h.) gave yellow crystals from which the X-ray data were collected. Yield 0.38 g, 
82%. Anal. Calcd. For C13H11Cl2N2Sb: C, 40.3; H, 2.9; N, 7.2. Found: C, 39.9; H, 3.1; N, 6.5%. 1H 
NMR (CD2Cl2): δ 1.78 (s, [3H], MeSb), 7.99 (m, [2H]), 8.09 (s, [2H]), 8.63 (d, [2H]) and 9.82 
(d, [2H]) (aromatics). 
2.4.9 [SbMeBr2(phen)] 
SbMeBr2 (0.25 g, 0.84 mmol) was added to a solution of 1,10-phenanthroline (0.15 g, 0.84 
mmol) in acetonitrile (10 mL). The reaction was stirred for 1 h. resulting in a yellow 
solution and yellow precipitate. The solid was isolated by filtration and dried in vacuo. 
Refrigeration of the filtrate (~16 h.) gave yellow crystals from which the X-ray data were 
collected. Yield 0.27 g, 67%. Anal. Calcd. for C13H11Br2N2Sb: C, 32.8;  H, 2.3; N, 5.9. Found: C, 
32.8; H, 2.3; N, 5.6%. 1H NMR (CD2Cl2): δ 1.96 (s, [3H], MeSb), 8.00 (m, [2H]), 8.11 (s, [2H]), 
8.70 (d, [2H]) and 9.93 (d, [2H]) (aromatics). 
2.4.10 [BiMeBr2(bipy)] 
BiMeBr2 (0.25 g, 0.65 mmol) was added to a solution of 2,2’-bipyridine (0.10 g, 0.65 mmol) 
in acetonitrile (10 mL). The reaction mixture was stirred for 1.5 h resulting in a pale yellow 
solution and a pale pink precipitate. The solid was isolated by filtration dried in vacuo. 
Refrigeration of the filtrate (~16 h.) resulted in formation of yellow crystals from which the 
X-ray data were collected. Yield 0.5 g, 71%. Anal. Calcd. For C11H11BiBr2N2: C, 24.5; H, 2.1; N, 
5.2. Found: C, 24.6; H, 2.3; N, 5.1%. 1H NMR (CDCl3): δ 2.01 (s, [3H], MeBi), 7.56 (m, br, [2H]), 
8.10 (m, br, [2H]), 8.29 (d, [2H]) and 9.20-9.45 (m, vbr, [2H]) (aromatics).  
2.4.11 [BiMeBr2(phen)] 
A solution of BiMeBr2 (0.30 g, 0.78 mmol) in acetonitrile (10 mL) was added to a solution of 
1,10-phenanthroline (0.14 g, 0.78 mmol) in acetonitrile (5 mL). The solution was stirred 
overnight resulting in a pale yellow solution and white precipitate, which was isolated by 
filtration dried in vacuo. Refrigeration of the filtrate resulted in formation of colourless 
crystalline blocks from which the X-ray data were collected. Yield 0.26 g, 60%. Anal. Calcd. 
For C13H11BiBr2N2: C, 27.7; H, 2.0; N, 5.0. Found: C, 28.5; H, 2.0; N, 5.0%. 1H NMR (CDCl3): δ 
1.97 (s, [3H], MeBi), 7.87 (m, br, [2H]), 8.00 (m, br, [2H]), 8.56 (m, br, [2H]) and 9.62 (m, vbr, 
[2H]) (aromatics).  62 
 
2.4.12 [BiMeCl2(tmeda)]  
Crystals were formed from a 1:1 mixture of BiMe2Cl and tetramethylethylenediamine in 
MeCN, via disproportionation, from which the X-ray data were collected. 1H NMR (CDCl3): δ 
1.98 (s, [3H], MeBi), 2.77 (s, [12H], MeN), 2.86 (s, [4H], CH2N).  
2.4.13 [BiMeBr2(tmeda)] 
Tetramethylethylenediamine (0.20 mL, 1.3 mmol), was added dropwise to a solution of 
BiMeBr2 (0.50 g, 1.3 mmol) in thf (15 mL) and the mixture stirred overnight, resulting in a 
pale yellow solution with a white precipitate. The solids were isolated by filtration and 
dried in vacuo. Yield 0.35 g, 47%. Refrigeration of the filtrate (~16 h) gave colourless 
crystals from which the X-ray crystal structure was determined (as [BiMeBr2(tmeda)]∙thf). 
Anal. Calcd. for C7H19BiBr2N2: C, 16.8; H, 3.8; N, 5.6. Found: C, 17.8; H, 3.1; N, 4.4%. 1H NMR 
(CDCl3): δ 2.15 (s, [3H], MeBi), 2.7 (s, [12H], MeN), 2.8 (s, [4H], CH2N).  
2.4.14 [SbMeCl2(OPPh3)2] from the reaction of SbMe2Cl with OPPh3 
SbMe2Cl (0.17 g, 0.90 mmol) was added to a solution of OPPh3 (0.50 g, 1.80 mmol) in 
acetonitrile (15 mL). The reaction was stirred for 1 h. resulting in a clear, colourless 
solution. The volume was reduced in vacuo to ~5 mL, and the solution refrigerated to yield 
colourless crystals identified by their X-ray structure. Yield 0.15 g, 46% (based upon 
antimony). IR (Nujol/cm-1): 1136 (P=O). 1H NMR (CDCl3): δ 1.84 (s, [3H], MeSb), 7.47.7 (m, 
[30H], aromatics). 13C{1H} (CDCl3): δ 30.0 (MeSb), 129.3, 129.4, 132.8, 132.9, 133.0 and 
133.1 (aromatics). 31P{1H} NMR (CDCl3): δ 32.0. 
2.4.15 [SbMeBr2(OPPh3)2] 
SbMeBr2 (0.14 g, 0.47 mmol) was added to a solution of OPPh3 (0.26 g, 0.94 mmol) in 
acetonitrile (12 mL). The reaction was stirred for 1 h.  yielding a clear solution and white 
precipitate. The solid was isolated by filtration and dried in vacuo. Refrigeration of the 
filtrate (~16 hours) gave colourless crystals from which the X-ray data were collected. Yield 
0.21 g, 52%. Anal. Calcd. for C37H33Br2O2P2Sb: C, 52.1; H, 3.9. Found: C, 51.9; H, 3.8%. IR 
(Nujol/cm-1): 1133 (P=O). 1H NMR (CDCl3): δ 2.18 (s, [3H], MeSb), 7.47.7 (m, [30H], 
aromatics). 31P{1H} NMR (CDCl3): δ 30.5. 
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2.4.16 [SbMeBr2(OPMe3)2]  
SbMeBr2 (0.25 g, 0.85 mmol) was added to a solution of OPMe3 (0.17 g, 1.9 mmol) in 
acetonitrile (12 mL). The reaction was stirred for 1 h. resulting in a clear, colourless 
solution, which was reduced in vacuo to ~5 mL, causing precipitation of a white solid, which 
was isolated by filtration and dried in vacuo. Refrigeration of the filtrate (~16 h.) gave 
colourless crystals from which the X-ray data were collected. Yield 0.23 g, 52%. Anal. Calcd. 
for C7H21Br2O2P2Sb: C, 17.5; H, 4.4%. Found: C, 18.4; H, 4.5%. IR (Nujol/cm-1): 1100sh, 1085 
(P=O). 1H NMR (CDCl3): δ 1.64 (d, 2J = 13.2 Hz, [18H], MeP), 2.03 (s, [3H], MeSb).13C{1H} 
(CDCl3): δ 18.4 (d, 1J = 74 Hz, MeP), 29.8 (MeSb). 31P{1H} NMR (CDCl3): δ 50.5. 
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2.5 Appendix - Structural data 
Compound  BiMe2Br  [SbMeCl2(phen)]  [SbMeBr2(phen)]  [SbMeBr2(bipy)] 
Formula  C4H12Bi2Br2  C13H11Cl2N2Sb  C13H11Br2N2Sb  C11H11Br2N2Sb 
M  637.91  387.89  476.81  452.79 
Crystal system  monoclinic  monoclinic  monoclinic  monoclinic 
Space group  P21/c (no. 14)  P21/m (no. 11)  Cm(no. 8)  P21/m (no. 11) 
a/Å  8.5531(15)  5.4428(5)  7.7806(15)  5.7015(10) 
b/Å  12.877(2)  15.996(3)  16.546(3)  16.459(3) 
c/Å  10.562(2)  7.7092(15)  5.5726(10)  7.0828(10) 
α/  90  90  90  90 
/  102.755(10)  96.317(10)  98.455(10)  95.639(10) 
γ/  90  90  90  90 
U/Å3  1134.6(3)  667.12(19)  709.6(2)  661.46(18) 
Z  4  2  2  2 
(Mo-Kα)/mm–1  37.954  2.450  7.558  8.101 
F(000)  1088  376  448  424 
Total no. 
reflections 
14969  8803  4534  11179 
Unique 
reflections 
2596  1565  1545  1574 
Rint  0.045  0.035  0.028  0.046 
Min., max. 
transmission 




77, 0  90, 4  91, 5  81, 4 
R1b [Io > 2(Io)]  0.025  0.045  0.018  0.043 
R1 (all data)  0.030  0.046  0.018  0.047  
wR2b [Io > 2(Io)]  0.059  0.107  0.041  0.105 
wR2 (all data)  0.062  0.107  0.041  0.107 
a Common items: temperature = 120 K; wavelength (Mo-K) = 0.71073 Å; (max) = 27.5. 
b R1 = || Fo| – |Fc||/|Fo|.  wR2 = [w(Fo2 – Fc2)2/wFo4]1/2. 
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Compound  [BiMeBr2(bipy)]  [BiMeBr2(phen)]  [BiMeBr2(tmeda)
·thf] 
[BiMeCl2(tmeda)] 
Formula  C11H11BiBr2N2  C13H11BiBr2N2  C11H27BiBr2N2O  C7H19BiCl2N2 
M  540.02  564.04  572.15  411.12 
Crystal system  monoclinic  monoclinic  monoclinic  monoclinic 
Space group  P21/m (no. 11)  P21/m (no. 11)  P21/c (no. 14)  P21/n (no. 14) 
a/Å  5.7321(10)  5.6366(15)  6.838(3)  7.987(3) 
b/Å  16.541(4)  16.562(5)  23.310(8)  14.811(5) 
c/Å  7.1700(15)  7.737(3)  11.239(4)  10.903(4) 
α/  90  90  90  90 
/  95.966(15)  97.25(3)  99.83(3)  96.12(3) 
γ/  90  90  90  90 
U/Å3  676.1(2)  716.5(4)  1765.1(12)  1282.5(7) 
Z  2  2  4  4 
(Mo-Kα)/mm–1  18.923  17.865  14.507  14.125 
F(000)  488  512  1072  768 
Total no. 
reflections 
7651  7972  22375  13034 
Unique reflections  1608  1678  3347  2862 
Rint  0.044  0.052  0.120  0.056 
Min., max. 
transmission 
0.457, 0.746  0.681, 1.000  0.360, 0.746  0.519, 1.000 
No. of parameters, 
restraints 
81, 4  90, 3  154, 0  114,   0 
R1b [Io > 2(Io)]  0.027  0.034  0.060  0.058 
R1 (all data)  0.031  0.037  0.085  0.066 
wR2b [Io > 2(Io)]  0.0571  0.0874  0.1266  0.1455 
wR2 (all data)  0.059  0.085  0.137  0.151 
a Common items: temperature = 120 K; wavelength (Mo-K) = 0.71073 Å; (max) = 27.5. 





















C37H33Br2O2P2Sb  C7H21Br2O2P2Sb  C37H33Cl2O2P2Sb 
M  1368.47  853.14  480.75  764.22 
Crystal system  triclinic  monoclinic  monoclinic  monoclinic 
Space group  P1 (no. 2)  C2/c (no. 15)  P21/c (no. 14)  C2/c (no. 15) 
a/Å  9.4987(10)  17.128(4)  20.039(3)  17.307(3) 
b/Å  13.0605(10)  12.347(2)  9.235(2)  12.339(3) 
c/Å  20.999(2)  16.956(4)  19.831(4)  17.099(4) 
α/  99.194(5)  90  90  90 
/  94.631(5)  104.979(10)  117.145(10)  104.664(15) 
γ/  95.140(5)  90  90  90 
U/Å3  2549.3(4)  3464.1(12)  3265.8(11)  3532.6(13) 
Z  2  4  8  4 
(Mo-Kα)/mm–1  6.642  3.227  6.761  1.054 
F(000)  1328  1688  1840  1544 
Total no. 
reflections 
46390  19016  37437  25941 
Unique reflections  11665  3986  7450  4054 
Rint  0.025  0.060  0.056  0.040 
Min., max. 
transmission 
0.806, 1.000  0.614, 1.000  0.549, 1.000  0.797, 1.000 
No. of parameters, 
restraints 
639, 2  205, 0  253, 0  205, 0 
R1b [Io > 2(Io)]  0.023  0.040  0.049  0.040 
R1 (all data)  0.029  0.050  0.059  0.053 
wR2b [Io > 2(Io)]  0.046  0.094  0.101  0.098 
wR2 (all data)  0.049  0.099  0.104  0.105 
a Common items: temperature = 120 K; wavelength (Mo-K) = 0.71073 Å; (max) = 27.5. 
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Chapter 3 - Methylhalostibines as Lewis bases 
3.1 Introduction 
SbR3 and BiR3 are well established Lewis bases, and a discussion of their 
coordination chemistry with a range of transition metal fragments can be found in Chapter 
1. Stibines with non-carbon substituents, SbY3 (Y = OR, NR2, GeR3, SnR3, SiR3, H) have also 
been employed as Lewis bases towards transition metal carbonyls, though their chemistry 
has been much less explored.1-5 No systematic investigation into the relative Lewis basicity 
of such species has been undertaken, though in general they have been shown to have 
significantly lower σ-donor ability compared with the P and As analogues, as is the case for 
organostibines. There have also been limited reports featuring coordination compounds of 
unsymmetrical stibines of the type SbR2Y (Y = OR, OH, SR), including the crystal structure of 
[Mo(CO)3(SbPh2(SPh))3].6, 7  
As discussed in Chapter 2, mixed organohalo-stibines and –bismuthines can behave 
as moderate Lewis acids. However, these species also have the potential to act as Lewis 
bases, via the lone pair on the Sb or Bi atom, and such behaviour is investigated in this 
chapter.  
Transition metal complexes of SbR2X have been known for decades, but have 
received very little study compared to SbR3 or PR2X ligands. Those examples which do exist 
are disparate and often poorly characterised. The only crystal structures are of 
[W(CO)5(SbPh2X)] (X = Cl, Br, I), [W(CO)5(SbtBu2Cl)], and the single example of a bidentate 
halostibine [Rh{Ph2Sb(CH2)3SbPh2}{PhClSb(CH2)3SbClPh}Cl2]Cl.7-9 The latter was formed as 
a by-product from the treatment of [Rh(CO){Ph2Sb(CH2)3SbPh2}2][PF6] with HCl, and is also 
the only example of a halostibine complex with a transition metal halide to be characterised; 
all other examples involve transition metal carbonyl fragments. Preparation and limited 
spectroscopic data have been reported for [M(CO)4(SbPh2Cl)2] (M = Cr, Mo), 
[Fe(CO)2(P(OPh)3)2(SbPh2Cl)] and [CpMn(CO)2Me(SbPh2Cl)], and some in situ IR data have 
been presented for 1:1 and 1:2 complexes of SbEt2Cl with Ni and Mo carbonyls. 10-12 
Examples of SbRX2 acting as Lewis bases towards transition metals are rare, the 
only fully characterised examples being [Cr(CO)5(SbMeBr2)] and [Cr(CO)5(SbPhI2)].13, 14  
Transition metal complexes of neutral bismuthines are limited to 
triorganobismuthines. There are no known examples of halobismuthines acting as Lewis 
bases towards transition metals, though there are several complexes of the charged 
halobismuth anions [BiX]2- and [BiX2]- with metal carbonyls.15, 16 The complex 
[Bi2Cl6{Mo(CO)3Cp}2][N(PPh3)2]2 has been structurally characterised, but the dianion 72 
 
should be viewed as analogous to [Bi2Cl8]2-, with each Mo(0) fragment acting as a 
monoanionic electron donor towards one Lewis acidic Bi centre.17 
 As discussed in Chapter 1, synthesis of complex polydentate stibine ligands can be 
very challenging, due to both the alkylhalostibine precursors and the trialkylstibine targets 
of these syntheses being highly sensitive. Introducing several Sb containing moieties to a 
molecule sequentially tends to lead to very low yields, as existing Sb-C bonds are prone to 
fission under many reaction conditions.18  
Transition metal complexes of alkylhalostibines could potentially prove to be an 
excellent reagent for synthesis of more complex stibine ligands. Unlike free 
alkylhalostibines, they are air stable and do not undergo spontaneous scrambling of the 
groups on Sb. Furthermore, if several alkylhalostibines were arranged around one metal 
centre, they could all be incorporated into a ligand simultaneously, with the transition 
metal templating the architecture of the ligand. The product would be a transition metal 
complex of the targeted polydentate stibine ligand, which would itself be almost certainly 
more stable than the free ligand. In order for this methodology to be successful, it must be 
possible to cleanly substitute the halide from the Sb centre of a transition metal complex of 
an alkylhalostibine. One example of a substitution reaction taking place at the Sb centre of a 
coordinated halostibine is the treatment of [W(CO)5(SbR2Cl)] with NaOH, resulting in 
generation of the coordinated hydroxystibine [W(CO)5(SbtBu2OH)] for R = tBu, or the O-
bridged dimer [W(CO)5(Ph2SbOSbPh2)W(CO)5] for R = Ph.7 Ideally, to form polydentate 
ligands, we would wish to substitute the Sb-X bond for a Sb-C bond using an organic 
nucleophile such as an organolithium reagent. Whilst there is no precedent for such a 
reaction with a neutral halostibine ligand, the stibinidene complex [(W(CO)5)3SbCl] can be 
treated with PhLi to yield [(W(CO)5)3SbPh].19 
The work in this chapter describes the preparation of transition metal complexes of 
SbMe2Br and SbMeBr2 in a range of stoichiometries, and some initial work towards the use 
of these species as reagents. 
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3.2 Results and discussion 
3.2.1 Group 6 carbonyl complexes of methylbromostibines 
The complexes [M(CO)5(SbMe2Br)] (M = Cr, Mo, W) were prepared by reaction of 
SbMe2Br with one equivalent of the corresponding precursors [M(CO)5(thf)], which were 
formed in situ from photolysis of [M(CO)6] in thf solution.20 Similarly, [W(CO)5(SbMeBr2)] 
was prepared by reaction of SbMeBr2 and [W(CO)5(thf)]. The preparation and structure of 
[Cr(CO)5(SbMeBr2)]has been previously reported.7 Some data have been presented for 
[Cr(CO)5(SbMe2Br)], formed via an alternative method from the cleavage of 
[(CO)5Cr(Me2SbSbMe2)Cr(CO)5] by Br2, however no structure was reported and the 1H NMR 
value given appears to be in error.21  For this reason we have reported its characterisation 
in full. These complexes were all isolated as air stable yellow (M = Cr, W) or orange (M = Mo) 
crystals, and their X-ray crystal structures were collected. Attempts to react SbBr3 with 
[M(CO)5(thf)] resulted in recovery of starting materials or decomposition products. 
Infrared spectra in chlorocarbon solution show three bands in the carbonyl region 
as expected for C4v symmetry (2a1 + e). Comparing these with the infrared spectra of the 
known species [M(CO)5(SbMe3)] (M = Cr, W),22 the observed stretching frequencies of each 
band can be seen to increase by ~10 cm-1 each time a Me group is replaced with a Br, as 
would be expected for decreasing σ-donor ability of the ligand (Table 3.1). In the solid state 
splitting of the lower bands is observed, giving a more complex spectrum. This could be 
attributed to the unsymmetrical nature of the ligand lowering the molecular symmetry, 
resulting in splitting of the e mode, or to the presence of weak intermolecular CO···Sb 
contacts in the solid state (see discussion of structures) making the CO groups inequivalent.  
Table 3.1 Selected spectroscopic and structural data for complexes of the M(CO)5 (M = Cr, 
W) fragment. 
Complex  ν(CO)  / cm
1  
(CH2Cl2 solution) 





d(M─Sb) / Å 
[W(CO)5(SbMeBr2)]  2085, 2005, 1966  2084, 1978, 1965, 1934  194.5, 196.6  2.6969(6) 
[W(CO)5(SbMe2Br)]  2078, 1996, 1951  2077, 1993, 1962, 1953  195.6, 198.3  2.7186(4) to 
2.7309(4) 
[W(CO)5(SbMe3)]  2068, 1972, 1940a  2068, 1938, 1909b  197.1, 199.7a  2.759(1)b 
[Cr(CO)5(SbMeBr2)]c  Not reported  2076, 1982, 1964  Not reported  2.556(1) 
[Cr(CO)5(SbMe2Br)]  2068, 1996, 1951  2069, 1991, 1966, 1952  215.9, 221.8  2.574(2) 
[Cr(CO)5(SbMe3)]b  Not reported  2069, 1940  218.3, 223.6  2.611(1) 
a: this work (13C{1H} NMR [100.6 MHz] in CDCl3); b: data from ref. 22 (13C{1H} NMR in C6D6); c: data 
from ref. 13. 74 
 
The 1H NMR spectra show a shift to high frequency in the resonances of the SbMe 
singlets of 0.5-0.7 ppm upon coordination, noticeably greater than the shifts to low 
frequency observed in complexes of methylhalostibines with Lewis bases (see Chapter 2). 
There is a corresponding shift to high frequency in the ligand resonances observed in the 
13C{1H} NMR spectra (3-6 ppm). By increasing the relaxation delay, two 13C resonances 
could also be observed in roughly 4:1 ratio corresponding to CO(transC) and CO(transSb), 
confirming C4v symmetry. In the case of the W containing complexes, satellites arising from 
183W-C coupling can be observed for these peaks. As the number of halide substituents is 
increased a trend of decreasing δ(CO) is observed, indicating a trans influence of 
SbMe3>SbMe2Br>SbMeBr2 in this system.23 This is in agreement with the IR data in 
suggesting decreasing σ-donor or increasing π acceptor ability with increasing halide 
substitution at Sb. 
The crystal structures of [M(CO)5(SbMe2Br)] (M = Cr, Mo, W) are very similar to one 
another, though not isomorphous (Figures 3.1, 3.3 and 3.5). Those in which M = Cr, Mo are 
monoclinic with one molecule in the asymmetric unit whereas for M = W a triclinic cell is 
observed with four very similar molecules in the asymmetric unit. Each contains a pseudo-
octahedral M centre, with M-C and M-Sb distances being comparable for M = Mo, W and a 
little shorter for M = Cr, as expected for the smaller metal centre. In all cases M-CtransC is 
slightly (~0.05 Å) longer than M-CtransSb, attributable to the lower trans influence of SbMe2Br 
compared to CO. 
 
Figure 3.1 View of the structure of the [Cr(CO)5(SbMe2Br)] with atom numbering 
scheme. Ellipsoids are shown at the 50% probability level and H atoms are omitted for 
clarity. 




Figure 3.2 View of the packing in [Cr(CO)5(SbMe2Br)] showing the long intermolecular 
(C)O···Sb interactions. 
Table 3.2 Selected bond lengths (Å) and angles (°) for [Cr(CO)5(SbMe2Br)]. 
Cr1–C3     1.882(9)   C3–Cr1–C4    88.8(4)  
Cr1–C4     1.899(9)  C3–Cr1–C5    177.9(4) 
Cr1–C5     1.907(9)   C3–Cr1–C6    89.4(4) 
Cr1–C6     1.905(9)  C3–Cr1–C7    88.6(4) 
Cr1–C7     1.864(9)   C4–Cr1–C6    178.1(4) 
Cr1–Sb1    2.5736(15)  C4–Cr1–C5    89.9(3) 
Sb1–Br1    2.5239(13)  C4–Cr1–C7    90.3(4) 
  C5–Cr1–C6    91.9(4) 
  C5–Cr1–C7    89.7(4) 
  C6–Cr1–C7    90.4(4) 
  C3–Cr1–Sb1    90.6(3) 
  C4–Cr1–Sb1    88.9(3) 
  C5–Cr1–Sb1    91.1(2) 
  C6–Cr1–Sb1    90.4(3) 
  C7–Cr1–Sb1    178.8(3) 
  Br1–Sb1–Cr1    108.42(5) 
 
The dihalostibine complex [W(CO)5(SbMeBr2)] (Figure 3.7) is similarly pseudo-
octahedral around W, and its structure is isomorphous with that of [Cr(CO)5(SbMeBr2)].13 
The W-C and Sb-Br distances are very similar to those found in [W(CO)5(SbMe2Br)], with 
W-CtransC (average 2.049 Å) a significant though modest amount longer than M-CtransSb (2.002 
Å). Unexpectedly, the W-Sb distance is shorter than in [W(CO)5(SbMe2Br)] (2.6969(6) Å 
compared to 2.7186(4)-2.7309(4) Å). Comparing with structure of [W(CO)5(SbMe3)], in 76 
 
which W-Sb = 2.7591(10) Å, a trend of decreasing W-Sb bond length with increasing halide 
substitution at Sb can be observed.22 The same trend is apparent in Cr-Sb for the analogous 
Cr species (Table 3.1). This implies either that the ligand becomes a stronger σ-donor or a 
stronger π-acceptor with increasing halide substitution. As discussed above, trends seen in 
ν(CO) and δ(CO) for this series indicate a reduction of electron density at the metal centre 
as halide substitution increases, consistent with either a reduction in σ-donor power or an 
increase in π-acceptor ability. In order to reconcile the observed structural trend with the 
spectroscopic data, we must conclude that with increasing halide substitution at Sb, π-
acceptance by the Sb atom from the transition metal centre increases. This is a somewhat 
unexpected finding, as stibines are generally regarded as poor π-acceptors due to high 
orbital diffusivity and the low electronegativity of Sb.24 
The structures of the complexes [W(CO)5(SbPh2X)] (X = Cl, Br, I) have been reported, 
and in each of them the W-Sb bond is shorter than in [W(CO)5(SbPh3)], which adds further 
evidence to the theory that introduction of halide moieties increases the π-acceptor ability 
of Sb towards Group 6 carbonyl metal fragments.8, 25 
 
Figure 3.3 View of the structure of the [Mo(CO)5(SbMe2Br)] with atom numbering 
scheme. Ellipsoids are shown at the 50% probability level and H atoms are omitted for 
clarity. 




Figure 3.4 View of the packing in [Mo(CO)5(SbMe2Br)] showing the long 
intermolecular (C)O···Sb interactions. 
Table 3.3 Selected bond lengths (Å) and angles (°) for [Mo(CO)5(SbMe2Br)]. 
Mo1-C5     2.029(17)  C5-Mo1-C3     89.9(6) 
Mo1-C4    2.035(15)  C4-Mo1-C3    89.4(6) 
Mo1-C6    2.060(16)  C6-Mo1-C3    176.9(6) 
Mo1-C7    2.036(15)  C7-Mo1-C3    90.9(6) 
Mo1-C3    2.076(17)  C3-Mo1-Sb1    91.3(4) 
Mo1-Sb1    2.7231(18)  C1-Sb1-C2    98.5(8) 
Sb1-C1     2.110(17)  C1-Sb1-Br1    95.7(6) 
Sb1-C2     2.13(3)   C2-Sb1-Br1    96.9(8) 
Sb1-Br1       2.525(3)  C1-Sb1-Mo1    126.1(5) 
  C2-Sb1-Mo1    124.4(7) 
  Br1-Sb1-Mo1    108.16(8) 
 
No structure is known for SbMe2Br, which is an oil at room temperature, but that of 
SbMeBr2 shows near pyramidal monomeric units associated into a chain structure by 
Sb···Br intermolecular contacts, resulting in a highly distorted square based pyramidal 
geometry.13 Sb-Br distances can be seen to shorten upon coordination to the W centre 
(2.583(3) Å and 2.564(3) Å in free SbMeBr2 compared to 2.5031(8) Å and 2.5012(8) Å in 
[W(CO)5(SbMeBr2)]), presumably due to an effective lowering of the coordination number 
in the absence of the intermolecular Sb···Br interactions. This is in contrast to the 
elongation of these distances when coordination number is increased, as in complexes of 
SbMeBr2 with Lewis bases such as bipy and phen (Chapter 2). 
It is also apparent that the angles around the Sb centre widen considerably upon 
coordination, with C-Sb-Br going from 91.2(2)° and 92.6(2)° in SbMeBr2 to 96.9(2)° and 78 
 
96.5(2)° in [W(CO)5(SbMeBr2)], with a smaller increase in Br-Sb-Br from 97.6(1)° to 
98.9(1)°. This is a phenomenon widely observed for coordination complexes of 
triorganostibines, for which there are several possible explanations, the most widely 
adopted of which attributes the effect to an increase in p-character of the lone pair upon 
coordination, an explanation backed up by recent DFT studies.26-28 In the present case, 
however, the increase in angle could also be attributed to the lowering in coordination 
number in the absence of intermolecular Sb···Br contacts in the transition metal complex. 
The same behaviour is observed in both [Cr(CO)5(SbMeBr2)] and [W(CO)5(SbPh2X)] (X = Cl, 
Br, I), for the latter of which DFT calculations have been completed to show a calculated 
increase in p-character of the lone pair from 25.78 % to 83.05 % upon coordination, leaving 
the origin of this effect in little doubt.8, 13   
 
Figure 3.5 View of the structure of the [W(CO)5(SbMe2Br)] with atom numbering scheme. 
Ellipsoids are shown at the 50% probability level and H atoms are omitted for clarity.  




Figure 3.6 View of the packing in [W(CO)5(SbMe2Br)] showing the long intermolecular 
(C)O···Sb interactions. 
Table 3.4 Selected bond lengths (Å) and angles (°) for [W(CO)5(SbMe2Br)] 
W1–Sb1    2.7280(4)  Br1–Sb1–W1    112.49(2) 
W2–Sb2    2.7186(4)  Br2–Sb2–W2    111.24(2) 
W3–Sb3     2.7247(4)  Br3–Sb3–W3    111.12(2) 
W4–Sb4    2.7309(4)  Br4–Sb4–W4    111.41(2) 
W–C      1.988(5) - 2.065(5)    
Sb1–Br1    2.5089(6)   
Sb2–Br2    2.5121(7)   
Sb3–Br3    2.5144(7)   
Sb4–Br4    2.5148(6)   
 
Upon inspection of the packing within the structures of these complexes, it becomes 
clear that all contain intermolecular CO···Sb interactions. In each example every Sb atom 
has one or two interactions with a carbonyl O from a neighbouring molecule. In the case of 
[W(CO)5(SbMeBr2)] these link the molecules into a 2D network, whereas in 
[W(CO)5(SbMe2Br)] a double chain structure is formed, and in [Cr(CO)5(SbMe2Br)] and 
[Mo(CO)5(SbMe2Br)] the contacts result in 1D chains. These interactions are weak, the 
CO···Sb distances (3.367-3.426 Å) between being only just within with the sum of the Van 
der Waals radii (3.52 Å),29 but they are consistently present and disposed trans to Sb-Br, 
which is characteristic for Lewis acidic behaviour of halostibines (see Chapter 2). Such 
contacts are not present in the structures of [M(CO)5(SbMe3)].22 These observations suggest 80 
 
that they are not merely a feature of the crystal packing but genuine weak Lewis-acid-base 
interactions, presumably a result of the low electron density on the Sb centre arising from 
the electronegative Br group(s). Similar interactions are also observed in the structures of 
[W(CO)5(SbPh2X)] (X = Cl, Br, I), resulting in these cases in a dimeric arrangement, though 
such interactions are absent from[W(CO)5(SbtBu2Cl)], presumably due to the steric bulk of 
the tBu groups shielding the Sb centre.7, 8  
 
Figure 3.7 View of the structure of [W(CO)5(SbMeBr2)] with atom numbering scheme. 
Ellipsoids are shown at the 50% probability level and H atoms are omitted for clarity.  
 
Figure 3.8 View of the packing in [W(CO)5(SbMeBr2)] showing the long intermolecular 
(C)O···Sb interactions.    
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Table 3.5 Selected bond lengths (Å) and angles (°) for [W(CO)5(SbMeBr2)]. 
W1C2     2.032(6)  C2W1C3    90.0(2) 
W1C3     2.049(6)  C2W1C4    177.9(2) 
W1C4     2.071(6)  C2W1C5    89.1(2) 
W1C5     2.044(6)  C2W1C6          88.4(3) 
W1C6     2.002(6)  C3W1C4    90.2(2) 
W1Sb1    2.6969(6)  C3W1C5    179.1(2) 
Sb1C1      2.116(6)  C3W1C6    90.2(2) 
Sb1Br1    2.5031(8)  C4W1C5    90.7(2) 
Sb1Br2    2.5012(8)  C4W1C6    89.5(2) 
  C5W1C6     89.8(2) 
  C2W1Sb1    89.8(2) 
  C3W1Sb1    87.6(2) 
  C4 W1Sb1    92.3(2) 
  C5W1Sb1    92.3(2) 
  C6W1Sb1    177.1(2) 
  C1Sb1Br1    96.5(2) 
  C1Sb1Br2    96.9(2) 
  Br1Sb1Br2    98.78(3) 
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3.2.2 Manganese carbonyl complexes of methylbromostibines 
[Mn(CO)5(CF3SO3)], formed in situ by stirring [Mn(CO)5Br] with Ag[CF3SO3] in 
CH2Cl2,30 reacts with SbMe2Br to give the 1:1 complex [Mn(CO)5(SbMe2Br)][CF3SO3]. The 
same complex is obtained if the reaction is carried out with a twofold excess of ligand. 
Heating  [Mn(CO)5Br] to reflux with Ag[CF3SO3] in acetone gives the intermediate 
[Mn(CO)3(OCMe2)3][CF3SO3],30 which reacts with three equivalents of SbMe2Br to give the 
complex fac-[Mn(CO)3(SbMe2Br)3][CF3SO3]. Both were isolated as yellow crystals and the X-
ray crystal structures determined, the latter being the first structurally characterised 
example of more than one halostibine ligand coordinated to the same metal centre. 
Attempts to react SbMeBr2 with either [Mn(CO)5(CF3SO3)] or [Mn(CO)3(OCMe2)3][CF3SO3] 
were unsuccessful, resulting in decomposition and the recovery of  [Mn(CO)5Br] as the only 
carbonyl-containing species by IR spectroscopy. It seems likely that the source of the Br 
which results in formation of this species is SbMeBr2, which we know to be fairly reactive. 
The solution infrared spectrum of [Mn(CO)5(SbMe2Br)][CF3SO3] shows the expected 
three bands in the carbonyl region for C4v symmetry (2a1 + e), very close in value to those 
observed for [Mn(CO)5(SbPh3)]+ suggesting the two ligands have a similar donor/acceptor 
ratio.30, 31 Significant broadening in the solid state IR spectrum makes assignment of 
individual peaks difficult, but the irregular shape of the peaks suggest the spectrum to be 
more complex, as was seen in the Group 6 pentacarbonyl adducts. This can be attributed to 
lowering of the molecular symmetry in the solid state due to strong interactions between 
the cation and anion, observable in the crystal structure discussed below. 
The 1H NMR spectrum of [Mn(CO)5(SbMe2Br)][CF3SO3] shows a significant shift to 
high frequency in δ(MeSb) upon coordination of 1.2 ppm, about twice that observed in the 
Group 6 carbonyl complexes. There is a corresponding shift observed in the 13C{1H} NMR 
resonance of the ligand of around 8 ppm. Due to the quadrupolar nature of the 55Mn nucleus 
the expected two peaks corresponding to CO could not be resolved clearly, with a broad 
feature being observed at 205 ppm. The 55Mn NMR spectrum shows one fairly broad feature 
at -1672 ppm (w½ = 1400 Hz) , which compares with -1825 ppm (w½ = 3800 Hz) for 
[Mn(CO)5(SbPh3)]+.31  
The crystal structure of [Mn(CO)5(SbMe2Br)][CF3SO3] contains a pseudo-octahedral 
Mn centre (Figure 3.9), with Sb-Mn = 2.5847(12) Å, similar to that found in 
[Mn(CO)5(SbPh3)]+ (2.596(3) Å). As was seen in the Group 6 pentacarbonyl complexes, Mn-
CtransSb (1.849(8) Å) is a little shorter than Mn-CtransC (1.870(8)-1.894(8) Å), accounted for by 
the lower trans influence of the SbMe2Br ligand compared to CO. The [CF3SO3]- counterion is 
disordered over two similar positions, which were modelled separately. A notable feature 
of the structure is the distorted geometry around the Sb centre. Mn-Sb-Br is very acute    
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(102.4°) compared to Mn-Sb-C (125.9° and120.0°). This is explained by the observation 
that there is a strong hypervalent contact between the Sb centre and one O of the [CF3SO3]- 
counterion (this position is occupied by an O in both disordered positions). The Sb···O 
distance is 2.70 Å, considerably shorter than the sum of the Van der Waals radii (3.52 Å), 
and Sb···O is disposed trans to Sb-Br just as for the much weaker Sb···O interactions seen in 
the Group 6 carbonyl complexes. This close approach of the O atom can be seen to be 
responsible for the distortion at Sb, resulting in an almost trigonal bipyramidal geometry 
around Sb with Br and O in the axial positions (Br-Sb···O = 172.1°). This behaviour is 
unusual because the Sb centre can be seen to be behaving both as a Lewis base towards the 
Mn fragment, and simultaneously as a Lewis acid towards the O of the counterion. This type 
of hypervalency can also be seen in complexes of hybrid triorganostibine ligands, in which 
an intramolecular interaction forms between an ether group in the ligand backbone and a 
Sb donor atom (see Chapters 4 and 5). However, in such cases the Sb-O distance is generally 
over 3 Å, and there is no observable distortion of the geometry at Sb.  
 
Figure 3.9 View of the structure of the [Mn(CO)5(SbMeBr2)][CF3SO3] with atom 
numbering scheme, showing the hypervalent contact to Sb1 via O8a of an adjacent 
[CF3SO3]– anion. The anion is disordered over two positions, only one of which is 
shown. Ellipsoids are shown at the 50% probability level and H atoms are omitted for 
clarity. Symmetry operation: a = x, ½–y, –½+z. 84 
 
Table 3.6 Selected bond lengths (Å) and angles (°) for [Mn(CO)5(SbMe2Br)][CF3SO3].  
Mn1–C1     1.849(8)  C1–Mn1–C2     91.2(3) 
Mn1–C2     1.870(8)  C1–Mn1–C3     91.7(3)   
Mn1–C3     1.894(8)   C1–Mn1–C4     94.5(3) 
Mn1–C4     1.887(7)  C1–Mn1–C5     87.0(4) 
Mn1–C5     1.870(8)   C2–Mn1–C3     89.2(3)   
Mn1–Sb1     2.5847(12)  C2–Mn1–C5     91.9(3) 
Sb1–Br1     2.4933(11)  C3–Mn1–C4     86.9(3)   
Sb1···O8a      2.696(5)  C4–Mn1–C5     92.1(3) 
  C1–Mn1–Sb1     174.6(2) 
  C2–Mn1–Sb1     85.9(2)   
  C3–Mn1–Sb1     92.7(2) 
  C4–Mn1–Sb1     88.8(2)   
  C5–Mn1–Sb1     88.6(3)   
  C6–Sb1–C7               109.1(4) 
  C6–Sb1–Br1                   94.6(2)  
  C7–Sb1–Br1                94.8(2) 
 
The solution infrared spectrum of fac-[Mn(CO)3(SbMe2Br)3][CF3SO3] displays two 
peaks as is expected for C3v symmetry (a1+ e), though the e mode is fairly broad. The only 
other examples of the [Mn(CO)3]+ fragment with Sb donors are discussed in Chapter 4, the 
nearest comparison in the literature being the triarsine species fac-
[Mn(CO)3{MeC(CH2AsMe2)3}][CF3SO3], for which  ν(CO) are ~20 cm-1 lower than in fac-
[Mn(CO)3(SbMe2Br)3][CF3SO3], demonstrating the superior σ-donor ability of As compared 
to Sb.32 The solid state spectrum is once again more complex, as a result of solid state 
interactions observable in the crystal structure.  
The 1H and 13C{1H} NMR spectra of fac-[Mn(CO)3(SbMe2Br)3][CF3SO3] show shifts to 
high frequency upon coordination for the singlets corresponding to the ligand Me groups 
which are slightly smaller than those seen in [Mn(CO)5(SbMe2Br)][CF3SO3], but still more 
pronounced than in the 1:1 adducts with Group 6 carbonyls. The expected single δ(CO) 
resonance was seen as a broad peak at 225 ppm. 55Mn NMR spectroscopy showed a single 
peak at -1381 ppm. 
The crystal structure of fac-[Mn(CO)3(SbMe2Br)3][CF3SO3] reveals a pseudo-
octahedral Mn centre, with three facially coordinated SbMe2Br ligands (Figure 3.10). The 
Mn-Sb distances (2.5706(5)-2.5932(4) Å) are similar to those in the 1:1 adduct 
[Mn(CO)5(SbMe2Br)][CF3SO3]. Once again, hypervalent contacts between Sb atoms and O    
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atoms from the [CF3SO3]- counterion are present. Each Sb centre forms one such interaction, 
Sb1 and Sb2 both forming contacts with O6 from the same anion, resulting in a puckered 
four membered ring. The final interaction is between Sb3 with O4 from an adjacent 
counterion, giving rise to a 1D polymeric chain in the solid state (Figure 3.11).  
 
Figure 3.10 View of the structure of the fac-[Mn(CO)3(SbMe2Br)3]+ cation with atom 
numbering scheme. Ellipsoids are shown at the 50% probability level and H atoms are 
omitted for clarity. 
Each Sb···O is roughly trans to Sb-Br (Br-Sb···O = 169.40-170.98°), as seen for the 
similar interaction in the structure of the 1:1 complex above. The contacts to Sb1 and Sb2 
are roughly in the Sb3 plane, meaning that Sb1-Br1 and Sb2-Br2 are also in this plane, with 
Me groups pointing away from Mn. The single interaction between Sb3 and O4, on the other 
hand, comes from below the plane, which explains the disposition of Br3 out of the Sb3 
plane, leading to the unsymmetrical arrangement of the ligands. The Sb···O distances 
(2.799(2), 2.874(2) and 2.798(2) Å) are a little longer than in [Mn(CO)5(SbMe2Br)][CF3SO3], 
though still very short in comparison to the sum of the Van der Waals radii, and the 
geometry at Sb is distorted to a lesser extent (Mn-Sb-Br = 105.47-107.96°). 86 
 
 
Figure 3.11 View of the packing within fac-[Mn(CO)3(SbMe2Br)3][CF3SO3] showing the 
hypervalent contacts between the O-atoms of the [CF3SO3]
 anions and the Sb atoms of 
the cation. 
Table 3.7 Selected bond lengths (Å) and angles (°) for 
[Mn(CO)3(SbMe2Br)3][CF3SO3]·C6H5Me 
Mn1–C9     1.814(3)  C8–Mn1–C9     89.07(13) 
Mn1–C8     1.825(3)  C7–Mn1–C9     91.06(13) 
Mn1–C7     1.835(3)  C7–Mn1–C8     91.83(13) 
Mn1–Sb1     2.5706(5)  C9–Mn1–Sb1     88.40(9)  
Mn1–Sb2     2.5852(5)  C8–Mn1–Sb1     86.96(10) 
Mn1–Sb3     2.5932(4)  C7–Mn1–Sb1     178.68(10) 
Sb1–Br1     2.5398(4)  C9–Mn1–Sb2     85.91(9) 
Sb2–Br2     2.5322(4)  C8–Mn1–Sb2     174.92(9) 
Sb3–Br3     2.5418(4)  C7–Mn1–Sb2     87.51(9) 
Sb1···O6      2.799(2)  Sb1–Mn1–Sb2    93.646(15) 
Sb2···O6    2.874(2)  C9–Mn1–Sb3     178.89(9) 
Sb3···O4a      2.798(2)  C8–Mn1–Sb3     91.14(9)  
  C7–Mn1–Sb3     87.84(9) 
  Sb1–Mn1–Sb3    92.699(14) 
  Sb2–Mn1–Sb3    93.863(15) 
  Br1–Sb1–Mn1    107.191(14) 
  Br2–Sb2–Mn1    107.956(14) 
  Br3–Sb3–Mn1    105.471(13)    
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3.2.3 Cyclopentadienyl iron carbonyl complexes of methylbromostibines 
[CpFe(CO)2(thf)][Z] ([Z ]- = [BF4] - or [CF3SO3] -) (Cp = cyclopentadienyl), formed in 
situ by stirring [CpFe(CO)2I] with Ag[Z] in the presence of thf,33 react with SbMe2Br in 
CH2Cl2 solution to give [CpFe(CO)2(SbMe2Br)][Z] as dark orange solids. The X-ray crystal 
structure of [CpFe(CO)2(SbMe2Br)][BF4] was determined.  
SbMe2Br is prepared by dissolving HBr gas in a benzene solution of SbMe2Ph, 
followed by purging with N2 gas to remove excess HBr (see Chapter 2). On one occasion the 
resulting solution was reacted with [CpFe(CO)2(thf)][CF3SO3]  in situ, without isolating 
SbMe2Br. The reaction resulted in a mixture of productsaccording to IR spectroscopic 
analysis, the two most significant being [CpFe(CO)2(SbMe2Br)][CF3SO3] and large, dark 
brown crystals of [CpFe(CO)(SbMe2Br)2]Br which grew at room temperature over a period 
of days. The latter were isolated and characterised, including elucidation of the X-ray 
crystal structure. Possible rationalisations for the introduction of Br- include reactions with 
residual HBr from the in situ formation of SbMe2Br, or scrambling of substituents on Sb. The 
1:2 ratio suggests an excess of SbMe2Br was present, possibly a result of incomplete 
conversion in the generation of [CpFe(CO)2(thf)][CF3SO3]. Though the exact mechanism of 
this species’ formation is unclear, it is interesting to note that a CO group has been 
displaced to allow coordination of a second SbMe2Br ligand, a phenomenon not observed 
even when using bidentate, potentially chelating, ditertiary stibine ligands (see Chapter 5).  
The infrared spectra of [CpFe(CO)2(SbMe2Br)][Z] show two bands both in CH2Cl2 
solution and in the solid state, corresponding to the two expected CO stretching modes (A1 
+ B1). The frequency of these stretches appears independent of anion to within 
experimental error. Compared to the nearest analogue in the literature, 
[CpFe(CO)2(SbMe2Ph)][BF4], the stretches are ~8 cm-1 to high frequency, suggesting that 
replacing Ph with Br lowers the ligand’s donor/acceptor ratio, though this is not a large 
difference.34 
The 1H and 13C{1H} NMR spectra both demonstrate a shift to high frequency of the 
resonances corresponding to the ligand Me groups upon coordination similar to that seen 
in the complexes with Mn(I) fragments discussed above. The single Cp resonance in both 
spectra is almost identical to those seen for [CpFe(CO)2(SbMe2Ph)][BF4], with δ(CO) being a 
little lower (206.9 vs 209.3), which is consistent with the trend in ν(CO). 
The structure of the cation in [CpFe(CO)2(SbMe2Br)][BF4] displays a ‘piano stool’ 
geometry, with the planar Cp group capping the pyramidal Fe(CO)2(SbMe2Br) unit. The Fe-
Sb distance is 2.4725(5) Å, very slightly shorter than that in [CpFe(CO)2(SbMe2Ph)][BF4] 
(2.4846(7) Å), with that in [CpFe(CO)2(SbPh3)][PF6] being intermediate (2.477(1) Å), 88 
 
suggesting the substituents on Sb have little effect on the Fe-Sb distances in these 
complexes.34, 35  
 
Figure 3.12 View of the structure of the [CpFe(CO)2(SbMe2Br)]+ cation with atom 
numbering scheme. Ellipsoids drawn at 50% probability and H atoms are omitted for 
clarity. 
The most notable feature of the crystal structure is the close approach of the [BF4]- 
anion to the cation, with one of the F atoms from the anion forming a hypervalent contact 
with the Sb centre in behaviour analogous to that seen for an O atom from the [CF3SO3]- 
anions in the 1:1 and 1:3 manganese carbonyl complexes of this ligand discussed above. 
The Sb···F distance of 2.825(2) Å is considerably shorter than the sum of the Van der Waals 
radii (3.47 Å), indicating a fairly strong interaction, and the geometry around Sb is once 
again distorted to accommodate the approach of F roughly trans to Sb-Br (Fe-Sb-Br = 
109.5°, Fe-Sb-C = 120.3° and 124.5°, Br-Sb···F = 165.9°). Though [BF4]- is generally 
considered to be good non-coordinating anion, there are many examples of this type of F3B-
F···M bridging to charged s-block and d-block metals, and a smaller number with charged p-
block metal centres, for example in [{CpFe(CO)2}2SnF][BF4] (Sn···FBF3 = 2.148 Å).36 
However, this behaviour is particularly unexpected in the present case, as the Sb centre is 




Figure 3.13 View of the structure of [CpFe(CO)2(SbMe2Br)][BF4] showing the 
hypervalent contact between an F atom in the anion and the Sb atom in the cation. 
 
Table 3.8 Selected bond lengths (Å) and angles (o) for [CpFe(CO)2(SbMe2Br)][BF4]. 
Sb1-C2     2.107(3)  C2-Sb1-C1    105.08(12) 
Fe1-C6     2.074(3)  C3-Fe1-C6    92.05(13) 
Sb1-C1     2.108(3)  C2-Sb1-Fe1    120.32(9) 
Fe1-C7     2.088(3)  C3-Fe1-C7    124.56(13) 
Sb1-Fe1    2.4725(5)  C1-Sb1-Fe1    124.51(9) 
Fe1-C5     2.092(3)  C3-Fe1-C5    93.79(13) 
Sb1-Br1    2.5134(5)  C2-Sb1-Br1    94.50(8) 
Fe1-C8     2.096(3)  C3-Fe1-C8    157.91(12) 
Fe1-C4     1.780(3)  C1-Sb1-Br1    96.49(9) 
Fe1-C9     2.102(3)  C3-Fe1-C9    128.26(13) 
Fe1-C3     1.786(3)  Fe1-Sb1-Br1    109.050(16) 
  C3-Fe1-Sb    190.78(9) 
  C4-Fe1-C3    95.97(13) 
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The infrared spectrum of [CpFe(CO)(SbMe2Br)2]Br displays only one band in the CO 
region, as expected for the single CO group. This is at lower frequency than either of the two 
bands seen in the spectra of the [CpFe(CO)2(SbMe2Br)]+ cation, indicating that replacement 
of a CO group with a second SbMe2Br ligand results in an increase in electron density at Fe 
caused by improved σ-donation or weaker π-acceptance by the halostibine compared to CO. 
The 1H and 13C{1H} NMR resonances corresponding to the SbMe group are 
comparable with those seen in [CpFe(CO)2(SbMe2Br)]+, with δ(Cp) being shifted slightly to 
low frequency, a result of the higher electron density at Fe. The single CO resonance in the 
13C NMR spectrum is found at 214.9 ppm, 8 ppm to high frequency of that in the 1:1 
complex, once again demonstrating the increase in σ-donation/π-acceptance ratio. 
 
Figure 3.14 View of the structure of [CpFe(CO)(SbMe2Br)2]Br showing the atom 
numbering scheme. Ellipsoids are drawn at the 50% probability level and H atoms are 
omitted for clarity. The long Sb···Br3 bonds are shown as open bonds.  
The structure of [CpFe(CO)(SbMe2Br)2]Br consists once again of a ‘piano stool’ 
configuration, in which the CO group and two SbMe2Br ligands form the pyramidal base 
opposite the planar η5-coordinated Cp. The Fe-Sb bond distances (2.4635(9) and 2.4698(8) 
Å) are similar to that found in [CpFe(CO)2(SbMe2Br)][BF4]. The Br- anion closely 
approaches the cation, sitting between the two Sb centres with which it forms very short 
contacts (Sb···Br = 2.9698(7), 2.9901(8) Å) compared to the sum of the Van der Waals radii 
(3.85 Å), only ~0.35 Å longer than the covalent Sb-Br bonds present in the ligands (Sb-Br =    
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2.6481(6), 2.6135(7) Å). The result is a puckered four membered ring reminiscent of that 
seen in [Mn(CO)3(SbMe2Br)3][CF3SO3] as a result of similar interactions between one of the 
O atoms of the anion and two of the Sb centres (see above). Another example of similar 
behaviour is in [RhCl2{Ph2Sb(CH2)3SbPh2}{PhClSb(CH2)3SbClPh}]Cl (see Figure 1.5), where 
the Cl counterion sits equidistant between the two –SbClMe moieties of the chlorinated 
distibine.9  
As in every other example discussed here, the hypervalent contacts formed with the 
anion lie trans to Sb-Br (Br-Sb···Br = 171.12(2)°, 168.92(2)°). The distortion caused to the 
Sb centre is significant, the geometry around Sb being almost trigonal bipyramidal, and 
Fe-Sb-Br (101.82(2)°, 99.83(3)°) being most acute of those in all the complexes described 
here, suggesting that the interaction with the Br- anion is the strongest of any anion 
interaction seen out of these complexes.  
There are no other examples of more than one neutral stibine ligand complexed to 
the same Fe centre, however several examples of FeSb clusters are known, for example the 
cubane [Fe2Sb(CO)5Cp]4, which has Fe-Sb = 2.614(2)-2.658(3) Å, significantly longer than in 
the complex discussed here.37 
Table 3.9 Selected bond lengths (Å) and angles (o) for [CpFe(CO)(Me2BrSb)2]Br. 
Sb1-Fe1    2.4635(9) 
Sb1-Br1    2.6481(6) 
Sb1···Br3    2.9698(7) 
Sb2-Fe1    2.4698(8) 
Sb2-Br2    2.6135(7) 
Sb2···Br3    2.9901(8) 
Fe1-C5     1.743(5) 
 
Fe1-Sb1-Br1    101.82(2) 
Fe1-Sb1-Br3    89.10(2) 
Br1-Sb1-Br3    168.92(2) 
Fe1-Sb2-Br2    99.83(3) 
Fe1-Sb2-Br3    88.52(2) 
Br2-Sb2-Br3    171.12(2) 
Sb1-Br3-Sb2    74.229(18) 
C5-Fe1-Sb2    90.98(16) 
Sb1-Fe1-Sb2    93.60(3) 
C5-Fe1-Sb1    93.04(17) 
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3.2.4 Alkylation of transition metal complexes of methylbromostibines 
As discussed in Section 3.1, transition metal complexes of halostibines could prove 
useful reagents in the synthesis of new stibine ligands if substitution could be carried out at 
the Sb centre selectively. As a proof of concept, it was demonstrated that 
[W(CO)5(SbMe2Br)], prepared by the method above, could be alkylated using RLi (R = Me, 
nBu) to form [W(CO)5(SbMe2R)]. This reaction proceeded cleanly with no evidence of 
secondary products or unreacted starting material. Due to the small scales involved it was 
difficult to separate the LiBr by-product without also losing a significant proportion of the 
product, thus it was not possible to calculate reliable yields, but removal of the solvent from 
the reaction mixture resulted in a solid product which contained [W(CO)5(SbMe2R)] as the 
only carbonyl containing species by IR and NMR spectroscopies. In the case of R = Me this is 
a known complex, and could be identified unequivocally by comparison with literature 
data.22, 38 The advantages of this method are apparent even in such a simple experiment, as 
the alternative method of preparing [W(CO)5(SbMe3)] requires use of the pyrophoric and 
extremely oxygen sensitive SbMe3.22, 38 The synthesis of the asymmetric 
[W(CO)5(SbMe2nBu)] by this method demonstrates that scrambling of the substituents on 
the Sb centre is not promoted under these reaction conditions, only one product being 
observed. The infrared data for this complex are extremely similar to those for 
[W(CO)5(SbMe3)], as are δ(CO) in the 13C NMR spectrum. The 1H NMR spectrum shows the 
presence of four multiplets corresponding to an nBu group, and a singlet observed for MeSb 
in a 3:2:2:2:6 ratio. 
The distibine ligand 1,2-C6H4(CH2SbMe2)2 can be synthesised by directly reacting 
the diGrignard reagent C6H4(CH2MgBr)2  with SbMe2Cl.39 Attempts to form a complex of this 
ligand bridging two W(CO)5 units by reacting 1,2-C6H4(CH2MgBr)2 with two equivalents of 
[W(CO)5(SbMe2Br)] were not successful. The diGrignard reagent was synthesised according 
to the literature, and identified by quenching an aliquot with D2O and identifying the 
resulting products by NMR spectroscopy.40  This reaction only proceeds well on a large 
scale, and the resultant diGrignard reagent is highly sensitive. The yield of the diGrignard 
was therefore estimated and an aliquot of the reaction mixture after filtration was used 
directly in the reaction with the available quantity of [W(CO)5(SbMe2Br)]. The resulting 
yellow sticky oil showed two sets of peaks in the infrared spectrum, one of which 
corresponded with the starting material, and the other of which had the characteristic two 
modes of a pentacarbonyl species, to low frequency of the starting material. The 1H and 13C 
NMR spectra however show mixtures of several products, with at least three sets of δ(CO) 
being seen, including starting material. The spectra appear unreproducible, sometimes 
showing several resonances in the SbMe region and others none being present at all despite    
93 
 
presence of CH2 resonances. Formation of the product cannot be ruled out, but the mixtures 
produced by the reaction were deemed intractable. We are forced to draw the conclusion 
that while alkyllithium species are good reagents for the clean alkylation of transition metal 
complexes of alkylhalostibines, Grignard reagents are not. 
3.2.5 Reaction of transition metal carbonyl fragments with BiMe2Br 
In contrast to the Sb analogues described above, attempts to form metal carbonyl 
complexes of BiMe2Br were unsuccessful. Instead, the reaction of [M(CO)5(thf)] (M = Cr, W) 
with BiMe2Br followed by extraction with n-hexane resulted in recovery of [M(CO)6] and 
the known complex [M(CO)5(BiMe3)]22 in variable quantities. The formation of BiMe3 can be 
attributed to disproportionation of BiMe2Br, as shown in Scheme 3.1.  
 
Scheme 3.1 
This is the same behaviour seen when attempting to complex EMe2X (E = Sb, Bi; X = 
Cl, Br) with a Lewis base (Chapter 2), except in this case it is the BiMe3 product which is 
trapped out by complexation with the transition metal, with BiMeBr2 presumably being 
formed as the by-product. Reaction of BiMe2Br with [Mn(CO)5(CF3SO3)] resulted in 
decomposition, and recovery of [Mn(CO)5Br] as the only identifiable product.  
The difficulties experienced when attempting to form transition metal adducts of 
halobismuthines are in contrast to the straightforward formation of such adducts with 
halostibines. This can be attributed to the decreased Lewis basicity of the bismuthines in 
comparison to the stibines, as well as the weaker nature of the Bi-C bond making them 
more prone to decomposition. 
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A range of 1:1, 2:1 and 3:1 complexes of SbMe2Br with transition metal carbonyls 
have been prepared, as well as the dihalostibine complex [W(CO)5(SbMeBr2)], all of which 
were fully characterised both structurally and spectroscopically. Analysis of these data 
demonstrated the trend in π-acceptor ability SbMeBr2>SbMe2Br>SbMe3, the substantial 
differences observed leading to the inference that π-acceptance is a significant feature of 
the M-Sb bonds in halostibine complexes. Crystal structures of these complexes reveal a 
strong propensity for coordinated halostibines to form hypervalent interactions with 
heteroatoms from an anion or neighbouring molecule, which in some cases result in a 
significant distortion of the ligand geometry. Attempts to form transition metal complexes 
of SbBr3 or BiMe2Br were unsuccessful.  
 Combining our findings from this chapter and Chapter 2, we can draw the 
boundaries of Lewis acidic and basic behaviour of halo-stibines and -bismuthines. SbMeX2 
is Lewis amphoteric, capable of forming complexes with both donors and certain acceptors. 
SbX3 is capable only of Lewis acidic behaviour, whereas SbMe2Br is not a strong enough 
Lewis acid to form adducts with neutral donors, though it is good Lewis base, forming 
complexes with a wide range of transition metal carbonyl fragments. Contrastingly while 
BiMeBr2 is a strong enough Lewis acid to complex neutral ligands, and BiMe3 is capable of 
acting as a Lewis base towards transition metals, BiMe2Br is neither a good Lewis acid nor 
Lewis base, scrambling being preferred to adduct formation in either case. 
Treatment of [W(CO)5(SbMe2Br)] with alkyllithium reagents resulted in clean 
alkylation at the Sb centre, with no evidence of scrambling, indicating that transition metal 
complexes of haloalkylstibines could prove useful reagents in the synthesis of new 
triorganostibine ligands. 
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A solution of W(CO)6 (0.30 g, 0.86 mmol) in thf (50 mL) was photolysed (365 nm) for 1¼ h. 
The resulting yellow solution was added to a solution of SbMe2Br (0.20 g, 0.86 mmol) in thf 
(10 mL). The mixture was stirred for 3 h., after which the volatile components were 
removed in vacuo to yield a bright yellow solid. n-Hexane (40 mL) was added and the 
resultant pale yellow solution stirred for 30 min., then filtered to remove some undissolved 
solids. The filtrate was reduced in volume to ~10 mL, causing precipitation of a pale yellow 
solid, which was isolated by filtration. Crystals grew from the filtrate at 18 °C and these 
were used for the X-ray data collection. Yield 0.19 g, 40%. Anal. Calcd. for C7H6BrO5SbW: C, 
15.1; H, 1.1. Found: C, 14.7; H, 1.5%. IR (CH2Cl2/cm
1): 2078m, 1995w, 1951vs, br; 
(Nujol/cm
1): 2077s, 1993w, 1962sh, 1953s. 1H NMR (CDCl3): δ 2.06 (s, SbMe). 13C{1H} NMR 
(CDCl3): δ12.3 (SbMe), 195.6 (1JWC = 118 Hz, CO), 198.3 (1JWC = 162 Hz, CO). 
3.4.2 [Mo(CO)5(SbMe2Br)] 
Preparation as for [W(CO)5(SbMe2Br)], from Mo(CO)6 (0.19 g, 0.70 mmol) and SbMe2Br 
(0.16 g, 0.70 mmol). Orange crystals grew from the filtrate from which the X-ray data were 
collected. Yield: 0.17 g, 52%. Anal. Calcd for C7H6BrMoO5Sb : C, 18.0; H, 1.29. Found: C, 17.7; 
H, 1.30. IR (CH2Cl2/ cm
1): 2080m, 1981sh, 1960s; (Nujol/ cm-1): 2079m, 1969sh, 1960s, 
1926m, br. 1H NMR (CDCl3): δ 1.97 (s, [6H], SbMe). 13C{1H} NMR (CDCl3): δ 12.3 (SbMe), 
204.8 (CO), 209.6 (CO).  
3.4.3 [Cr(CO)5(SbMe2Br)] 
Preparation as for [W(CO)5(SbMe2Br)], from Cr(CO)6 (0.19 g, 0.86 mmol) and SbMe2Br 
(0.20 g, 0.86 mmol). Yellow crystals grew from the filtrate from which the X-ray data were 
collected.  Yield 0.12 g, 33%. Anal. Calcd. for C7H6BrCrO5Sb: C, 19.8; H, 1.4. Found: C, 20.4; H, 
1.5%. IR (CH2Cl2/cm
1): 2068m, 1996w, 1951vs, br; (Nujol/cm
1): 2069s, 1991m, 1966m, 
1952s (Lit.21 2068m, 1946s). 1H NMR (CDCl3): δ 1.97 (s, SbMe). 13C{1H} NMR (CDCl3): δ 12.1 
(SbMe), 215.9 (CO), 221.8 (CO). 
3.4.4 [W(CO)5(SbMeBr2)] 
A solution of W(CO)6 (0.24 g, 0.67 mmol) in thf (40 mL) was photolysed (365 nm) for 1¼ h. 
The resulting solution was added to a solution of SbMeBr2 (0.20 g, 0.67 mmol) in thf (10 98 
 
mL). The mixture was stirred for 1 h., after which the volatiles were removed in vacuo to 
yield a bright yellow solid. n-Hexane (40 mL) was added and the resultant yellow-orange 
solution stirred for 30 min., filtered, and the filtrate reduced in vacuo to ~10 mL. The 
resultant orange precipitate was isolated by filtration and dried in vacuo. Orange crystals 
grew from the filtrate at 18 °C and were used for the X-ray structure determination. Yield 
0.28 g, 64%. Anal. Calcd. for C6H3Br2O5SbW: C, 11.6; H, 0.5. Found: C, 11.9; H, 1.2%. IR 
(CH2Cl2/cm
1): 2085m, 2005w, 1966s, br; (Nujol/cm
1): 2084m, 1978sh, 1965sh, 1934m. 1H 
NMR (CDCl3): δ 2.73 (s, SbMe). 13C{1H} NMR (CDCl3): δ27.3 (MeSb), 194.5 (1JWC = 123 Hz, 
CO), 196.6 (1JWC ~164 Hz, CO). 
3.4.5 [Mn(CO)5(SbMe2Br)][CF3SO3] 
[Mn(CO)5Br] (0.15 g, 0.54 mmol) and Ag[CF3SO3] (0.14 g, 0.54 mmol) were dissolved in 
CH2Cl2 (20 mL). The reaction was stirred for 2 h. in the absence of light, forming a yellow 
solution and an off-white solid, which was removed by filtration. The filtrate was added to a 
solution of SbMe2Br (0.25 g, 1.1 mmol) in CH2Cl2 (5 mL) and stirred (~48 h.) yielding a 
yellow solution, which was filtered to remove some solid impurities, reduced in vacuo to 
~10 mL and n-hexane (10 mL) added. This caused precipitation of a yellow solid, which was 
isolated by filtration and dried in vacuo. Refrigeration of the filtrate (~16 h.) yielded yellow 
crystals, used for X-ray data collection. Yield 0.2 g, 71%. Anal. Calcd. for C8H6BrF3MnO8SSb: 
C, 16.7; H, 1.1. Found: C, 17.3; H, 1.2%. IR (CH2Cl2/cm
1): 2138m, 2056s, 2042sh; (Nujol/cm-
1): 2145m, 2054s,br. 1H NMR (CDCl3): δ 2.57 (s, MeSb). 13C{1H} NMR (CDCl3): δ 17.3 (MeSb), 
205 (br, CO). 55Mn NMR (CH2Cl2): δ  1672 (w½ = 1400 Hz).  
3.4.6 [Mn(CO)3(SbMe2Br)3][CF3SO3] 
[Mn(CO)5Br] (0.20 g, 0.73 mmol) and Ag[CF3SO3] (0.19 g, 0.73 mmol) were dissolved in 
acetone (30 mL) and the mixture refluxed for 1 h. in the absence of light, resulting in a 
yellow solution and a white solid which was removed by filtration. The solvent from the 
filtrate was removed in vacuo leaving yellow oil, which was redissolved in CH2Cl2 (20 mL) 
forming a yellow solution. A solution of SbMe2Br (0.505 g, 2.18 mmol) in toluene (40 mL) 
was added and the mixture stirred for 16 h. The volume was reduced in vacuo until a yellow 
precipitate formed, which was isolated by filtration and dried in vacuo. Refrigeration of the 
filtrate (3 d.) gave small yellow crystals, from which the X-ray data were collected, and a 
small amount of insoluble white decomposition product. Anal. Calcd. for 




1): 2039s, 1984m, 1973s, 1969sh. 1H NMR (CDCl3): δ 2.37 (s, MeSb). 13C{1H} 
NMR (CDCl3): δ 15.0 (MeSb), 224.7 (CO). 55Mn NMR (CH2Cl2): δ 1381 (w½ = 450 Hz). 
3.4.7 [CpFe(CO)2(SbMe2Br)][BF4] 
A solution of [CpFe(CO)2I] (0.20 g, 0.66 mmol) in CH2Cl2 (20 mL) and thf  (~0.05 mL) was 
added to a solution of Ag[BF4] (0.13 g, 0.66 mmol) in CH2Cl2 (20 mL). This was stirred in the 
absence of light for 90 min., forming a bright red solution with a pale yellow precipitate, 
which was removed by filtration. The filtrate was added to a solution of SbMe2Br (0.15 g, 
0.66 mmol) in toluene (10 mL). The mixture was stirred overnight, resulting in an orange 
solution and a little dark solid which was removed by filtration. The filtrate was reduced to 
~ 5 mL in vacuo, and n-hexane (10 mL) added, precipitating an orange solid which was 
isolated by filtration. Refrigeration of the filtrate (2 d.) resulted in orange crystals which 
were used for X-ray data collection. Yield: 0.10 g, 37%. Anal. Calcd for C9H11BBrFFeO2Sb4: C, 
21.8; H, 2.2. Found: C, 21.5; H, 2.9. IR: (CH2Cl2/ cm
1): 2052s, 2010m; (Nujol/ cm-1): 2055s 
(CO), 2008s (CO), 1086s, br (BF4). 1H NMR (CDCl3): δ 2.39 (s, [6H], SbMe2), 5.42 (s, [5H], Cp). 
13C{1H} NMR (CDCl3): δ 14.9 (SbMe2), 85.6 (Cp), 206.9 (CO). ES+ MS: m/z = 408.8 
[CpFe(CO)2(SbMe2Br)]+.   
3.4.8 [CpFe(CO)2(SbMe2Br)][CF3SO3] 
Preparation as for [CpFe(CO)2(SbMe2Br)][BF4], with [CpFe(CO)2I] (0.15 g, 0.48 mmol), 
AgCF3SO3 (0.12 g, 0.48 mmol) and SbMe2Br (0.11 g, 0.48 mmol), resulting in a light brown 
solid. Yield: 0.083 g, 31%. Anal. Calcd for C10H11BrF3FeO5SSb: C, 21.5; H, 2.0. Found: C, 21.5; 
H, 2.6. IR (Nujol/ cm-1): 2052s, 2009s. 1H NMR (CDCl3): δ 2.43 (s, [6H], MeSb), 5.36 (s, [5H], 
Cp). ES+ MS: m/z = 409 [M]+. 
3.4.9 [CpFe(CO)(SbMe2Br)2][Br] 
SbMe2Ph (0.40 g, 1.75 mmol) was dissolved in C6H6 (40 mL) and HBr gas bubbled through 
the solution for 15 min. The reaction was allowed to stir in a closed atmosphere for 30 min., 
then purged with a flow of N2 gas overnight (18 h.). [CpFe(CO)2I] (0.53 g, 1.75 mmol) and 
Ag[CF3SO3] (0.45 g, 1.75 mmol) were dissolved in CH2Cl2 (80 mL) and thf (~0.5 mL) was 
added. The mixture was stirred in the absence of light for 2 h., and the resultant red 
solution filtered into the stirred SbMe2Br solution. The mixture was allowed to stir 
overnight, forming a brown solution and some insoluble pale precipitate. The solution was 
filtered and the filtrate reduced to ~15 mL, then 10 mL of n-hexane was added, 100 
 
precipitating a pale orange solid, which was isolated by filtration and shown by IR to 
contain a mixture of CO containing species including [CpFe(CO)2(SbMe2Br)][CF3SO3] (IR: 
(CH2Cl2/ cm
1): 2058s, 2044sh, 2018s, 2004m). The brown filtrate was left to stand at room 
temperature over 48 h, resulting in the growth of large numbers of dark, orange-brown, 
long cuboid crystals. Yield 0.085 g, 14% based on Sb. Anal. calcd. for C10H17Br3FeSb2: C, 17.8; 
H, 2.5. Found: C, 17.5; H, 2.2%. IR: (CH2Cl2/ cm
1): 1973s; (Nujol/ cm-1): 1956s. 1H NMR 
(CDCl3): δ 2.32 (s, [6H], MeSb), 4.96 (s, [5H], Cp). 13C{1H} NMR (CDCl3): δ 19.0 (MeSb), 82.1 
(Cp), 214.9 (CO). ES+ MS: m/z = 613 [M]+. 
3.4.10 Reaction of [W(SbMe2Br)(CO)5] with MeLi 
[W(SbMe2Br)(CO)5] (0.12 g, 0.22 mmol) was dissolved in thf (30 mL) and cooled to 78 °C. 
MeLi (1.6 M in Et2O, 0.14 mL, 0.22 mmol) was added dropwise and the mixture stirred at 
78 °C for 45 min., then allowed to warm very slowly to room temperature and stirred for 
1h. The volatiles were removed in vacuo to yield a yellow solid, containing [W(CO)5(SbMe3)] 
as the only organometallic product. IR (CH2Cl2/cm
1): 2068m, 1972w, 1935vs; (Nujol/cm
1): 
2067m, 1941s, 1903s (Lit.38 2068, 1938, 1901). 1H NMR (C6D6): δ0.56 (s, MeSb) (Lit.22 0.55). 
13C{1H} NMR (C6D6): δ 2.8 (MeSb), 197.1 (CO), 199.7 (CO) (Lit.22 2.8, 197.1, 199.7). 
3.4.11 Reaction of [W(SbMe2Br)(CO)5] with nBuLi 
[W(CO)5SbMe2Br] (0.15 g, 0.30 mmol) was dissolved in diethyl ether (30 mL) and the 
resultant yellow solution cooled to 78 °C. n-Butyllithium (1.6 M in hexane, 0.19 mL, 0.30 
mmol) was added dropwise and the reaction mixture was stirred for 45 minutes, then 
warmed to room temperature and stirred for one hour. The resultant cloudy yellow 
solution was filtered over celite to remove LiBr, then concentrated in vacuo to ~10 mL. n-
Hexane (15 mL) was added, precipitating a pale yellow solid which was isolated by 
filtration. IR (CH2Cl2/cm
1): 2068m, 1970sh, 1936s; (Nujol/ cm
1): 2068m, 1939s. 1H NMR 
(CDCl3): δ 0.96 (t, [3H], CH3), 1.24 (s, [6H], SbMe), 1.39 (m, [2H], CH2), 1.58 (m, [2H], CH2), 
1.83 (m, [2H], CH2), 13C{1H} NMR (CDCl3): δ -2.9 (SbMe), 13.9, 17.2, 25.9 and 28.9 (SbnBu), 
197.2 and 200.0 (CO). 
3.4.12 Reaction of [W(CO)5(thf)] with BiMe2Br 
A solution of W(CO)6 (0.14 g, 0.40 mmol) in thf (40 mL) was photolysed (365 nm) for 1 h. 
The resulting yellow solution was cooled to 0 °C. Freshly prepared BiMe2Br (0.15 g, 0.40 
mmol) was dissolved in thf (10 mL) and cooled to 0 °C, then slowly added to the stirred    
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[W(CO)5(thf)] solution. The mixture was stirred at 0 °C for 15 min., then the volatiles 
removed in vacuo leaving a bright orange solid. n-Hexane (35 mL) was added, dissolving 
some of the solid to give a yellow solution. The mixture was stirred at 0 °C for 1 h., over 
which time the remaining solid darkened to red/brown. The yellow solution was filtered to 
remove this solid, and the volatiles removed in vacuo leaving a yellow solid identified as 
[W(CO)5(BiMe3)] with some W(CO)6. Yield 0.06 g, 26%. IR (CH2Cl2/cm
1): 2072w, 1943s, br; 
1982m (W(CO)6), (Nujol/cm
1): 2071w, 1940s (Lit.22 1970, 1942) 1979m (W(CO)6). 1H 
NMR (CDCl3): δ 1.88 (s, BiMe); (C6D6): 1.28 (s, BiMe) (Lit.22 1.16).13C{1H} NMR (CDCl3): δ 
6.0 (BiMe), 191.7(W(CO)6), 198.3 (cis CO) 199.7 (trans CO) (Lit.22 (C6D6): -7.20, 198.17 
(only cis CO quoted)). 
3.4.13 Reaction of [Cr(CO)5(thf)] with BiMe2Br 
The reaction was carried out in an analogous manner to that of [W(CO)5(thf)] with BiMe2Br 
using  Cr(CO)6 (0.09 g, 0.40 mmol) and BiMe2Br (0.15 g, 0.40 mmol), resulting in 
[Cr(CO)5(BiMe3)] as the major product. IR (CH2Cl2/cm
1): 2059w, 1939s, br; 1980 (Cr(CO)6), 
(Nujol/cm
1): 2061w, 1942s (Lit.22 2060w, 1942s), 1980 (Cr(CO)6). 1H NMR (CDCl3): δ 1.79 
(s, BiMe) (Lit.22 (C6D6) 1.11).13C{1H} NMR (CDCl3): δ 5.9 (BiMe), 212.0 (Cr(CO)6), 218.2 (cis 
CO) 223.5 (trans CO) (Lit.22 (C6D6): -7.15, 218.2 (only cis CO quoted)). 
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3.7 Appendix - Structural data 
Compound  [Cr(CO)5(SbMe2Br)]  [W(CO)5(SbMe2Br)]  [Mo(CO)5(SbMe2Br)] 
Formula  C7H6BrCrO5Sb  C7H6BrO5SbW  C7H6BrMoO5Sb 
M  423.78  555.63  467.72 
crystal syst  monoclinic  triclinic  monoclinic 
space group  P21/c (no. 14)  P1 (no. 2)  C2/c (no. 15) 
a [Å]  16.261(5)  6.6070(5)  31.728 (12) 
b [Å]  6.488(5)  17.0844(15)  6.613 (2) 
c [Å]  12.287(5)  24.302(2)  12.559 (5) 
 [deg]  90  105.828(4)  90 
 [deg]  107.735(5)  96.329(4)  93.441 
γ [deg]  90  97.999(5)  90 
U [Å3]  1234.7(11)  2581.7(4)  2630.3 (17) 
Z  4  8  8 
(Mo Kα) [mm–1]  6.300  14.089  6.042 
F(000)  792  1984  1728 
temperature [K]  120  120  100 
total no. reflns  14744  42746  11253 
unique reflns  2377  11817  3018 
Rint  0.060  0.039  0.080 
Min., max. transmission  0.395, 0.746  0.385, 1.000  0.731, 1.000 
no. of params, restraints  136, 0  541, 0  136, 0 
R1b [Io > 2(Io)]  0.065  0.028  0.095 
R1 [all data]  0.066  0.033  0.102 
wR2b [Io > 2(Io)]  0.180  0.065  0.230 
wR2 [all data]  0.182  0.069  0.234 
a Common items: wavelength (Mo-K) = 0.71073 Å; (max) = 27.5. 
b R1 = || Fo| – |Fc||/|Fo|.  wR2 = [w(Fo2 – Fc2)2/wFo4]1/2. 
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Formula  C6H3Br2O5SbW  C8H6BrF3MnO8SSb  C17H26Br3F3MnO6SSb3 
M  620.50  575.79  1075.36 
Crystal system  orthorhombic  monoclinic  monoclinic 
Space group  Pbca (no. 61)  P21/c (no. 14)  P21/n (no. 14) 
a/Å  6.5876(10)  13.023(2)  14.4226(5) 
b/Å  12.473(3)  7.6958(14)  14.6672(10) 
c/Å  31.209(6)  16.455(3)  14.5421(10) 
α/  90  90  90 
/  90  93.553(7)  102.658(3) 
γ/  90  90  90 
U/Å3  2564.4(8)  1646.0(5)  3001.5(3) 
Z  8  4  4 
(Mo-Kα)/mm–1  17.300  5.026  7.193 
F(000)  2192  1088  2008 
Total no. reflections  18132  18193  44598 
Unique reflections  2951  3727  6850 
Rint  0.043  0.034  0.039 
Min., max. 
transmission 
0.533, 1.000  0.849, 1.000  0.569, 1.000 
No. of parameters, 
restraints 
137, 0  235, 0  308, 0 
R1b [Io > 2(Io)]  0.028  0.061  0.023 
R1 (all data)  0.036  0.067  0.025 
wR2b [Io > 2(Io)]  0.056  0.154  0.051 
wR2 (all data)  0.060  0.158  0.053 
a Common items: temperature = 120 K; wavelength (Mo-K) = 0.71073 Å; (max) = 27.5. 
b R1 = || Fo| – |Fc||/|Fo|.  wR2 = [w(Fo2 – Fc2)2/wFo4]1/2. 
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Compound  [CpFe(CO)2(SbMe2Br)][BF4]  [CpFe(CO)(Me2BrSb)2]Br 
Formula  C9H11BBrF4FeO2Sb  C10H17Br3FeOSb2 
M  495.50  692.32 
Crystal system  triclinic  monoclinic 
Space group  P-1 (no. 2)  P21/c (no. 14) 
a/Å  8.8658(11)  7.2336(12) 
b/Å  8.9344(12)  9.4231(12) 
c/Å  9.3885(11)  25.906(7) 
α/  107.836(8)  90 
/  90.427(6)  92.848(7) 
γ/  93.806(7)  90 
U/Å3  706.06(15)  1763.7(6) 
Z  2  4 
(Mo-Kα)/mm–1  5.806  10.634 
F(000)  468  1272 
(max)  27.5  26.0 
Temperature/K  100  120 
Total no. reflections  6827  8737 
Unique reflections  3216  3434 
Rint  0.033  0.028 
Min., max. transmission  0.737, 1.000  0.438, 1.000 
No. of parameters, 
restraints 
0, 172  0, 158 
R1b [Io > 2(Io)]  0.027  0.027 
R1 (all data)  0.029  0.036 
wR2b [Io > 2(Io)]  0.066  0.057 
wR2 (all data)  0.068  0.062 
a Common item: wavelength (Mo-K) = 0.71073 Å. 
b R1 = || Fo| – |Fc||/|Fo|.  wR2 = [w(Fo2 – Fc2)2/wFo4]1/2. 
 
   106 
 




1.  T. B. Brill, J. Organomet. Chem., 1972, 40, 373-377. 
2.  H. Schumann, H. J. Breunig and U. Frank, J. Organomet. Chem., 1973, 60, 279-286. 
3.  A. Kienneman and R. Kieffer, C. R. Acad. Sci., Ser. C, 1974, 279, 355-357. 
4.  H. J. Breunig, M. Jönsson, R. Rösler and E. Lork, J. Organomet. Chem., 2000, 608, 60-
62. 
5.  E. O. Fischer, W. Bathelt and J. Müller, Chem. Ber., 1971, 104, 986-992. 
6.  M. Wieber, H. Hohl and C. Burschka, Z. Anorg. Allg. Chem., 1990, 583, 113-123. 
7.  H. J. Breunig, E. Lork, O. Moldovan and R. Wagner, Z. Anorg. Allg. Chem., 2008, 634, 
1397-1402. 
8.  H.  . Breunig, T. Borrmann, E. Lork and C. I. Raţ, J. Organomet. Chem., 2007, 692, 
2593-2598. 
9.  M. D. Brown, W. Levason, G. Reid and M. Webster, Dalton Trans., 2006, 4039-4046. 
10.  M. Wieber and N. Graf, Z. Anorg. Allg. Chem., 1993, 619, 1991-1997. 
11.  N. Graf and M. Wieber, Z. Anorg. Allg. Chem., 1993, 619, 2061-2065. 
12.  D. Benlian and M. Bigorgne, Bull. Soc. Chim. Fr., 1963, 1583. 
13.  H. J. Breunig, M. Denker and K. H. Ebert, J. Organomet. Chem., 1994, 470, 87-92. 
14.  J. Von Seyerl, O. Scheidsteger, H. Berke and G. Huttner, J. Organomet. Chem., 1986, 
311, 85-89. 
15.  T. Groer and M. Scheer, J. Chem. Soc., Dalton Trans., 2000, 647-653. 
16.  M. Shieh, J.-J. Cherng, Y.-W. Lai, C.-H. Ueng, S.-M. Peng and Y.-H. Liu, Chem. Eur. J., 
2002, 8, 4522-4527. 
17.  R. J. Errington, G. A. Fisher, N. C. Norman, A. G. Orpen and S. E. Stratford, Z. Anorg. 
Allg. Chem., 1994, 620, 457-466. 
18.  W. Levason, K. G. Smith, C. A. McAuliffe, F. P. McCullough, R. D. Sedgwick and S. G. 
Murray, J. Chem. Soc. Dalton Trans., 1979, 1718-1724. 
19.  H. Lang, G. Huttner, B. Sigwarth, U. Weber, L. Zsolnai, I. Jibril and O. Orama, Z. 
Naturforsch. B: Chem. Sci., 1986, 41, 191-206. 
20.  W. Strohmeier, Angew. Chem., 1964, 76, 873-881. 
21.  H. J. Breunig and W. Fichtner, Z. Anorg. Allg. Chem., 1981, 477, 119-125. 
22.  H.  . Breunig, T. Borrmann, E. Lork, O. Moldovan, C. I. Raţ and R. P. Wagner, J. 
Organomet. Chem., 2009, 694, 427-432. 
23.  W. Buchner and W. A. Schenk, Inorg. Chem., 1984, 23, 132-137. 
24.  W. Levason and G. Reid, Coord. Chem. Rev., 2006, 250, 2565-2594. 108 
 
25.  M. S. Davies, G. W. Allen, M. J. Aroney, T. W. Hambley and R. K. Pierens, J. Mol. Struct., 
1994, 326, 81-91. 
26.  N. J. Holmes, W. Levason and M. Webster, J. Chem. Soc. Dalton Trans., 1998, 3457-
3461. 
27.  W. Levason and G. Reid, in Comprehensive Coord. Chem. II, eds. J. A. McCleverty and T. 
J. Meyer, Pergamon, Oxford, 2003, vol. 1, ch. 16, pp. 377-389. 
28.  V. R. Bojan, E. J. Ferna ndez, A. Laguna,  . M. Lo pez-de-Luzuriaga, M. Monge, M. E. 
Olmos, R. C. Puelles and C. Silvestru, Inorg. Chem., 2010, 49, 5530-5541. 
29.  www.ccdc.cam.ac.uk/products/csd/radii/. 
30.  R. Uson, V. Riera, J. Gimeno, M. Laguna and M. P. Gamasa, J. Chem. Soc. Dalton Trans., 
1979, 996-1002. 
31.  N. Holmes, W. Levason and M. Webster, J. Organomet. Chem., 1998, 568, 213-223. 
32.  J. Connolly, A. R. J. Genge, W. Levason, S. D. Orchard, S. J. A. Pope and G. Reid, J. Chem. 
Soc. Dalton Trans., 1999, 2343-2351. 
33.  H. Schumann and L. Eguren, J. Organomet. Chem., 1991, 403, 183-193. 
34.  S. L. Benjamin, L. Karagiannidis, W. Levason, G. Reid and M. C. Rogers, 
Organometallics, 2011, 30, 895-904. 
35.  R. E. Cobbledick and F. W. B. Einstein, Acta Crystallogr. Sect. B-Struct. Commun., 1978, 
34, 1473-1476. 
36.  K. Merzweiler, L. Weisse and H. Kraus, Z. Naturforsch. B: Chem. Sci., 1994, 49, 425-
429. 
37.  S. N. Konchenko, A. V. Virovets, S. A. Apenina and S. V. Tkachev, Inorg. Chem. 
Commun., 1999, 2, 555-557. 
38.  A. Ishiguro, M. Takahashi and M. Takeda, J. Organomet. Chem., 2000, 611, 558-565. 
39.  W. Levason, M. L. Matthews, G. Reid and M. Webster, Dalton Trans., 2004, 51-58. 




    
109 
 
Chapter 4 – Synthesis and group 6 carbonyl complexes of hybrid 
distibine ligands 
4.1 Introduction 
As discussed in Chapter 1, synthesis of bi- and multi-dentate organostibine ligands 
is highly challenging. However, when exploring the coordination chemistry of mono- and bi-
dentate stibine ligands, several examples have been found in which up to four Sb donors in 
total can be coordinated to the same transition metal centre.1-4 This suggests that, were 
polydentate stibine ligands accessible, they could have a rich coordination chemistry 
comparable to that of their phosphine and arsine counterparts, though differences in donor 
properties as Group 15 is descended would doubtless result in a diversity of behaviour 
being observed. In order to develop synthetic strategies for preparation of such ligands, and 
to investigate the donor properties of Sb within a more complex, potentially polydentate 
ligand framework, hybrid ligands containing more than one stibine donor as well as other 
hetero-donors are of interest. The synthesis of hybrid ligands with two terminal –SbR2 
moieties and a central amine N or ether O donor atom have recently been reported in our 
group, with preliminary investigations of their coordination chemistry having been 
undertaken (Section 1.2.4).5, 6 In this chapter preparation of a similar hybrid distibine ligand 
with a central thioether S donor is described. The properties of these unusual ligands with 
Sb2E (E = O, N, S) donor sets has been systematically investigated by complexation with 
Group 6 carbonyl fragments, allowing observation of three distinct modes of coordination. 
In tandem with this work, analogous hybrid dibismuthine ligands were prepared in our 
laboratory by Dr. M. Rogers, which are extremely rare examples of bidentate bismuthines.7 
Comparisons can be drawn between the coordination chemistry of these hybrid 
dibismuthines and the equivalent hybrid distibines with the transition metal acceptors 
discussed both here and in Chapter 5.7, 8 
Group 6 (Cr, Mo, W) carbonyls are well suited for complexation with heavier Group 
15 donors, their zero oxidation state meaning they are soft acceptors.  Precursors with 
labile co-ligands are accessible for pentacarbonyl, tetracarbonyl and tricarbonyl fragments, 
allowing the number of available coordination sites to be varied in a controlled fashion. 
When investigating the coordination chemistry of a potentially polydentate ligand this can 
enable observation of a range of different coordination modes to comparable metal centres. 
In addition, Group 6 carbonyl complexes are easily characterised thanks to diagnostic IR 
(CO) bands and 13C{1H} NMR (CO) resonances.  
For these reasons, Group 6 carbonyls have been widely employed to investigate the 
coordination of polydentate phosphine ligands, their versatility suiting them well to 110 
 
systematic study of ligand properties and reactivity.9-11 In one study heating of a tungsten 
tricarbonyl complex of three olefin functionalised phosphine ligands has been shown to 
result in cyclisation via olefin metathesis to form coordinated phosphine macrocycles, a 
novel synthetic route to polydentate phosphine ligands.11 Group 6 carbonyl complexes with 
bidentate arsine ligands are also known,12, 13 and complexes of hybrid P/As ligands have 
been prepared by base-catalysed hydroarsination of the corresponding complexes of alkene 
or alkyne functionalised phosphine ligands.14 The majority of coordination complexes 
involving the rarer ditertiary stibine ligands are with low-valent transition metal carbonyl 
fragments, and Group 6 carbonyls are favoured thanks to the variety of coordination modes 
that can be observed for such ligands, including κ1 monodentate and bridging bidentate 
modes with pentacarbonyl fragments, and chelating or doubly bridging modes for 
tetracarbonyl fragments, depending on the stoichiometry of reagents and on ligand 
backbone.15-18  
 
Figure 4.1 Coordination modes observed in Group 6 carbonyl complexes of distibine 
ligands. 
The only examples of Group 6 carbonyl complexes with a tridentate stibine ligand, 
fac-[M(CO)3{MeC(CH2SbPh2)3}] (M = Cr, Mo, W), are formed from reaction of [M(CO)6] with 
the tripodal ligand in the presence of NaBH4.19 Coordination of bismuthines to transition 
metals is challenging due to the extremely poor σ-donor and π-acceptor properties of the 
large, soft bismuth centre. All of the crystallographically characterised examples of 
coordinating bismuthines are monodentate 1:1 complexes with metal carbonyl fragments, 
more than half of which are Group 6 carbonyls.20-23     
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4.2 Results and discussion 
4.2.1 Synthesis of hybrid distibine ligands 
The hybrid distibine ligands O{(CH2)2SbR2}2 (R = Me, Ph) and MeN(CH2-2-
C6H4SbMe2)2 were synthesised according to the literature.5, 6 All require SbR2Cl reagents as 
precursors, which were prepared using the methods described in Chapter 2. The synthesis 
of O{(CH2)2SbR2}2 (Scheme 4.1) is an example of the ‘nucleophilic Sb’ route to 
organostibines, in which the halostibine precursor is reduced by sodium in liquid ammonia 
to form nucleophilic stibide anions [SbR2]-, which can then undergo a 2:1 reaction with the 
dibromide O{(CH2)2Br}2 to form the hybrid ligand with donor set Sb2O.  
Scheme 4.1 Synthesis of O{(CH2)2SbR2}2 from ref. 5. 
In the case of MeN(CH2-2-C6H4SbMe2)2, an organic nucleophile is formed by double 
lithiation of MeN(CH2-2-C6H4Br)2 with nBuLi, followed by reaction with two equivalents of 
SbMe2Cl (Scheme 4.2). This is an example of the ‘electrophilic Sb’ route to organostibine 
formation. 
 
Scheme 4.2 Synthesis of MeN(CH2-2-C6H4SbMe2)2 from ref. 6. 
The ligand S(CH2-2-C6H4SbMe2)2 was synthesised by a similar route to the amine 
analogue from the precursor S(CH2-2-C6H4Br)2 and was isolated in 68% yield as an air 
sensitive  yellow  viscous  oil  (Scheme  4.3).  The  1H  and  13C{1H}   NMR  spectra  show  the 
expected peaks corresponding to MeSb and CH2S as well as complex aromatics. Careful 
examination of the  1H NMR data additionally revealed a small AB quartet in the benzyl 112 
 
region and a small singlet in the MeSb region, ( 1.19 s, 3.59 d, 3.80 d) corresponding to an 
impurity (<8%) thought to be the ring S(CH2-2-C6H4)2SbMe. A similar byproduct is formed 
in the synthesis of MeN(CH2-2-C6H4BiMe2)2, and it was from comparing the spectroscopic 
data that this assignment was made.7  
To allow better characterisation of the ligand, a small amount of S(CH2-2-
C6H4SbMe2)2 was dissolved in MeCN and treated with excess MeI, resulting in formation of 
pale yellow crystals of [S(CH2-2-C6H4SbMe3)2][I]2 which were identified by X-ray 
crystallography, 1H and 13C{1H} NMR, microanalysis and ESI+ mass spectrometry (Scheme 
4.3). This ligand is of interest because the central S donor is soft compared to hard N or O, 
and should therefore prove more compatible with the soft terminal Sb donors, making this 
ligand a good potential candidate for tridentate coordination of all three donors to the same 
metal centre. This is a mode not commonly observed for ligands with Sb2N or Sb2O donor 
sets. 
 
Scheme 4.3 Synthesis of S(CH2-2-C6H4SbMe2)2 and reaction with MeI to form  
[S(CH2-2-C6H4SbMe3)2][I]2. 
The 1H and 13C{1H} NMR spectra of [S(CH2-2-C6H4SbMe3)2][I]2 are similar to those of 
S(CH2-2-C6H4SbMe2)2 except for a noticeable shift to high frequency in the resonances 
corresponding to the SbMe groups, as would be expected when comparing a neutral –SbMe2 
moiety with a positively charged –SbMe3+ stibonium moiety. The crystal structure of 
[S(CH2-2-C6H4SbMe3)2][I]2 (Figure 4.2) shows the distibonium cation containing two 
pseudo-tetrahedral Sb centres, in which Sb1 approaches the central S atom closely (Sb···S =    
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3.555(2) Å, sum of Van der Waals radii = 3.80 Å24) forming a hypervalent interaction, 
whereas the distance between Sb2 and the central S is much  larger (4.419(2) Å) and does 
not constitute an interaction. This leads to a folding of the ligand backbone on one side, 
with the other side freely extended, giving rise to an asymmetric conformation of the 
dication. 
 
Figure 4.2 View of the structure of [S(CH2-2-C6H4SbMe3)2]2+ with atom numbering 
scheme. Ellipsoids are drawn at the 50% probability level and H atoms are omitted for 
clarity. 
As discussed in Chapter 1, presence of intramolecular hypervalent interactions 
between a Sb centre and pendant N or O donor groups is a very common phenomenon 
which has been investigated in considerable depth. However, examples of this type of 
interaction with S donors are very rare, one being found in the functionalised ferrocene 
compound diphenyl[2-(furan-2-ylmethylthio)methylferrocen-1-yl]stibine, in which Sb···S = 
3.73 Å, significantly longer than that in the present example.25 It could be proposed that the 
positive charge on the stibonium centre increases the electrophilicity towards the S lone 
pairs, though the increase in coordination number is likely to oppose this effect. 
Comparisons can also be drawn with the crystal structure of the similar dibismuthine 
species, S(CH2-2-C6H4BiPh2)2, which contains two almost symmetrical hypervalent 
interactions, with both BiPh2 moieties being folded towards the central S atom.7 The Bi···S 
distance in this species averages 3.31 Å, considerably shorter than the single Sb···S contact 
in the distibonium species despite the larger size of Bi and the lack of positive charge. This 
can be rationalised by the increased Lewis acidity of organobismuthines compared to 
organostibines, as demonstrated in Chapter 2. 114 
 
Table 4.1 Selected bond lengths (Å) and angles (°) for [S(CH2-2-C6H4SbMe3)2]2+. 
Sb1C1      2.094(6)  C1Sb1C2    110.7(2) 
Sb1C2      2.103(6)  C1Sb1C3    106.5(3) 
Sb1C3      2.102(6)  C2Sb1C3    106.6(2) 
Sb1C4      2.122(6)  C1Sb1C4    117.3(3) 
Sb2C17    2.106(6)  C3Sb1C4    103.8(2) 
Sb2C18    2.097(6)  C2Sb1C4    111.0(2) 
Sb2C19    2.094(6)  C18Sb2C19    109.2(2) 
Sb2C20    2.087(6)  C18Sb2C20    108.3(2) 
S1C10    1.816(6)  C17Sb2C18    106.9(2) 
S1C11    1.837(6)  C17Sb2C19    105.6(2) 
Sb1···S1    3.555(2)  C17Sb2C20    114.8(2) 
  C19Sb2C20    111.8(3) 
  C10S1C11    99.4(3) 
 
With the goal of hybrid stibine ligands with soft co-donors in mind, the synthesis of 
a mixed Sb/P hybrid ligand seems desirable. Of the lighter Group 15 and 16 donors 
phosphines are not only the most compatible with the soft metal centres favoured by 
stibine ligands, they are also stronger σ-donors than stibines, potentially providing an ideal 
candidate to encourage polydentate coordination of a hybrid stibine ligand. Building 
towards the synthesis of P analogues of the N and S containing ligands above, preparation 
of the simpler ligands Ph2P(CH2-2-C6H4SbR2) (R = Ph, Me) was attempted via a similar route 
(Scheme 4.4). However, this led only to mixtures with several inseparable P containing 
products observable by 31P{1H} NMR. Experimental conditions including solvent, 
temperature, lithiating agent and reaction time were modified, but the desired product 
could never be isolated cleanly. Addition of ethanol precipitated a crystalline by-product in 
varying yields (~5-20%), which, when analysed by X-ray crystallography, proved to be 
diphenyl(1-phenylpentyl) phosphine (Figure 4.3), the result of alkylation by nBuLi at the 
benzyl position. This type of behaviour is not observed in the reaction of  nBuLi with the 
thioether or amine analogues, and is possibly a result of higher pKa of the benzyl proton in 
the phosphine species. There have been no experimental reports of pKa values for these 
compounds, but using the SPARC tool26 for predicting pKa values computationally, pKa of 
the benzyl group in Ph2PCH2-2-C6H4Br was calculated to be 24.7, compared to 36.3 for 
Me2NCH2-2-C6H4Br and 32.9 for MeSCH2-2-C6H4Br. This lower pKa may make the benzyl    
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proton more susceptible to attack by the alkylithium, though this alone is insufficient to 
explain the large number of products observed. 
 
Scheme 4.4 Attempted synthesis of Ph2P(CH2-2-C6H4SbMe2) leading to formation of 
Ph2PCH(nBu)Ph as the only isolated product (<20%). 
 
Figure 4.3 View of the structure of Ph2PCH(nBu)Ph with atom numbering scheme. 
Ellipsoids are drawn at 50% probability and H atoms are omitted for clarity. 
Table 4.2  Selected bond lengths (Å) and angles (°) for Ph2PCH(nBu)Ph. 
P1-C18     1.841(4)  C12-P1-C5    100.39(17) 
P1-C12     1.844(4)  C18-P1-C12    100.03(16) 
P1-C5      1.862(4)  C18-P1-C5    104.77(17) 
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The 1H NMR spectrum of Ph2PCH(nBu)Ph shows a triplet and three multiplets in the 
3:4:2:1 ratio, corresponding to CH3, two CH2, one CH2 and CH respectively, as well as 
complex aromatic resonances. The 31P{1H} NMR spectrum displays one resonance at 0.52 
ppm. Positive ion electrospray mass spectrometry of a sample treated with excess MeI in 
MeCN solution shows a major peak at 347 m/z, corresponding to the phosphonium cation 
[Ph2MePCH(nBu)Ph]+.  
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4.2.2 Group 6 carbonyl complexes of hybrid distibine ligands 
4.2.2.1 Reaction of hybrid distibine ligands with [M(CO)5(thf)] (M = Cr, W) 
The pentacarbonyl precursor [M(CO)5(thf)] (M = Cr, Mo, W) can be readily prepared 
in situ by photolysis of [M(CO)6] in thf solution, the labile thf ligand providing a single 
accessible coordination site for complexation of weakly coordinating donors.27 
The reactions of the hybrid stibine ligands L = O{(CH2)2SbR2}2 (R = Me, Ph) or 
MeN(CH2-2-C6H4SbMe2)2  with [M(CO)5(thf)] (M = Cr, W) in 1:2 molar ratio resulted in 
mixtures of the expected bridged dimer [{M(CO)5}2(L)] and a tetracarbonyl species (Scheme 
4.5). Crystallisation of the latter from solution allowed identification by X-ray 
crystallography as the 1:1 chelate complexes [M(CO)4(L)], formed by the displacement of a 
carbonyl group from the metal centre by one of the stibine moieties. These species were 
subsequently remade directly from tetracarbonyl precursors and are described below.  
 
Scheme 4.5 Reaction of hybrid distibine ligands with [M(CO)5(thf)], giving a mixture of 
bridged and chelated bidentate coordination products 
The ratios of the two species arising from these reactions  were ascertained by 
integration of the two separate sets of peaks in the 1H NMR spectra corresponding to the 
two different ligand environments, and were found to vary depending on the ligand. It was 
also found that this ratio could be altered by changing the ratio of ligand and metal reagent. 
For L = O{(CH2)2SbR2}2, combination with  [M(CO)5(thf)] (M = Cr, R = Me or Ph; M = W, R = 
Me) in 1:>2.5 molar ratio resulted in formation of the bridged pentacarbonyl species 
essentially free of the chelated product, though the excess of metal reagent led to 
contamination by [M(CO)6] (M = W, ν(CO) = 1976 cm-1, δ(13CO) = 192 ppm; M = Cr, ν(CO) = 
1980 cm-1, δ(13CO) =  213 ppm), which in some cases precluded accurate microanalysis. The 
complexes were otherwise spectroscopically pure, displaying  two triplets in the 1H NMR 
spectrum corresponding to the CH2 moieties in the ligand backbone which are slightly 
shifted to high frequency compared to the free ligand, though their 13C{1H} resonances are 
very little changed. For R = Me there is a more noticeable shift to high frequency in both the 118 
 
1H and 13C{1H} NMR resonances for the MeSb groups (~0.5 and 4 ppm, respectively) and 
there is very little difference between the ligand resonances in the Cr and W analogues. 
Each has two δ(CO) in the 13C{1H} NMR spectra observed in 4:1 ratio, corresponding to 
COtransC and COtransSb. Each of these species shows three ν(CO) bands in both the solution and 
solid state infrared spectra, corresponding to a C4v pentacarbonyl arrangement (2a1 + e). 
These are at comparable frequencies to those in the 1:1 complexes [M(CO)5(SbMe3)] (Table 
4.3).28 
Table 4.3 Selected spectroscopic data for stibine complexes with the M(CO)5 fragment  
Complex  ν(CO)  / cm
1  
(CH2Cl2 solution) 





[{W(CO)5}2(O{(CH2)2SbMe2}2)]     2068s, 1971sh, 
1936s 
2066m, 1975s, 1936s  197.4, 200.0  
[{Cr(CO)5}2(O{(CH2)2SbMe2}2)]     2057s, 1979w, 1935s  2057s, 1985m, 1938s  218.5, 223.9 




197.0, 199.1  
[W(CO)5(SbMe3)]  2068m, 1972w, 
1940vsa 
2068, 1938, 1909b  197.1, 199.7a 
[Cr(CO)5(SbMe3)]b  Not reported  2069, 1940  218.3, 223.6 
a: this work (13C{1H} NMR [100.6 MHz] in CDCl3); b: data from ref. 20 (13C{1H} NMR in C6D6). 
 
In the case of L = MeN(CH2-2-C6H4SbMe2)2, the tetracarbonyl species [M(CO)4(L)] is 
the major product, and though the minor pentacarbonyl species [{M(CO)5}2(L)] can be 
identified spectroscopically with little doubt, it was not possible to obtain a sample free of 
the chelated product even using a significant excess of metal reagent. 
This chelating behaviour is in contrast to that of the analogous hybrid bismuthine 
ligands L = O{(CH2)2BiPh2}2 and MeN(CH2-2-C6H4BiPh2)2, both of which form solely the 
bridging pentacarbonyl species [{M(CO)5}2(L)] upon reaction with [M(CO)5(thf)], which are 
stable in inert atmosphere for M = Cr, but prone to rapid decomposition for M = W. When 
the M:L ratio is reduced to 1:1 there is still no evidence for chelation, instead the spectra 
suggest formation of the κ1-Bi-coordinated species [M(CO)5(L)]. There are no known 
examples of complexes with more than one bismuthine ligand coordinated to the same 
metal centre, a testament to the significantly weaker donor nature of bismuthines in 
comparison to stibines. 
Among bidentate stibine ligands there is precedent for the formation of the chelated 
product under photolytic conditions. Photolysis of the o-xylyl and o-phenylene backboned 
distibine ligands 1,2-C6H4(CH2SbMe2)2 and 1,2-C6H4(SbMe2)2 with a thf solution of [M(CO)6]    
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results in isolation of cis-[W(CO)4{1,2-C6H4(CH2SbMe2)2}] and cis-[M(CO)4{1,2-
C6H4(SbMe2)2}] (M = Cr, Mo, W) respectively as the only products, though the presence of 
the ligand during the photolysis means that it is uncertain whether this occurs by direct 
displacement of a second carbonyl group (as must happen in the case of the hybrid ligands, 
where the ligand is introduced only after the photolysis step) or via an intermediate in 
which a second carbonyl is displaced by a thf which is then substituted to form the 
chelate.18, 29 In each of these cases the ligand is pre-organised towards chelation, and for the 
o-phenylene distibine the bridging mode would be likely to be sterically unfavourable. Of 
the examples in which a distibine ligand does adopt the bidentate bridging mode upon 
reaction in 1:2 ratio with [M(CO)5(thf)], forming [{M(CO)5}2(L)], chelation is generally 
precluded on steric grounds. In the case of L = R2SbESbR2 (E = CH2, R = Me or Ph; E = O or S, 
R = Ph) it has been shown that formation of a four-membered ring containing two Sb atoms 
is sterically unfavourable due to ring strain, confirmed by the observation of the doubly-
bridged dimer rather than the chelated product upon 1:1 reaction of these ligands with 
Group 6 metal tetracarbonyl precursors. 15, 30 For L = 1,4-C6H4(CH2SbMe2)2 the para 
disposition of the benzyl stibine groups prevents chelation, and by direct comparison with 
the ortho equivalent we can say that it is clearly this steric effect which is all that prevents 
chelation from occurring.18  
The hybrid ligands discussed here are examples of ligands that are neither pre-
organised towards chelation of the two stibine moieties, nor sterically prevented from it, 
and this may explain why for these particular cases both the bridging and chelating 
products arise from the same reaction. It is somewhat surprising that chelation occurs even 
when disfavoured by the stoichiometry of the reagents, considering that the chelate rings 
formed are large (8- or 10-membered) and the energetic advantage conferred by the 
chelate effect must therefore be minimal.  
Despite repeated attempts, it was not possible to grow crystals of the bridged 
complexes which were suitable for X-ray studies, thus we cannot say whether any 
hypervalent interactions are present in these species. Solid state infrared spectra show no 
evidence of inequivalence of the Sb centres (in contrast to splitting seen in solid state 
infrared spectra of ligand bridged [{CpFe(CO)2}2(L)], see Section 5.2.1 below), so if 
interactions are present in the solid state they must be either symmetrical with respect to 
the two Sb atoms or so weak as for the resulting electronic inequivalence of the metal 
centres to be unobservable by IR spectroscopy. 
Attempts to react S(CH2-2-C6H4SbMe2)2 with [M(CO)5(thf)] resulted in mixtures of at 
least three products containing both stibine and metal carbonyl moieties, possibly due to 120 
 
the higher compatibility of S for the ‘soft’ metal centres (compared to O and N) causing 
coordination at S in some species, though this could not be confirmed. 
4.2.2.2 Group 6 tetracarbonyl complexes with hybrid distibine ligands 
The tetracarbonyl complex cis-[W(CO)4{MeN(CH2-2-C6H4SbMe2)2}] was isolated 
from the reaction of [W(CO)5(thf)] with the ligand in a 1.2:1 molar ratio. Though there were 
traces of the bridged pentacarbonyl dimer still evident in the bulk, recrystallisation resulted 
in the pure material in good yield (~53%). The complexes cis-[Cr(CO)4{MeN(CH2-2-
C6H4SbMe2)2}] and  cis-[M(CO)4(O{(CH2)2SbMe2}2)] (M = Cr, W), as well as being identified 
in the mixtures obtained by reaction of [M(CO)5(thf)] with the ligand in 2:1 ratio as 
discussed above, were prepared directly by overnight reflux of the ligand in a solution of 
[Cr(CO)4(nbd)] or [W(CO)4(pip)2] as yellow or orange crystalline solids. The structures of 
all four complexes were determined by X-ray crystallography. The Mo analogue of the 
former, cis-[Mo(CO)4{MeN(CH2-2-C6H4SbMe2)2}], has been reported previously and its 
crystal structure elucidated.6 It was prepared by a third method, direct reflux of the ligand 
with [Mo(CO)6] in EtOH catalysed by excess NaBH4.  
Table 4.4 Selected spectroscopic data for [M(CO)4(L)]    
Complex  ν(CO)  / cm
1  
(CH2Cl2 solution) 





[W(CO)4(O{(CH2)2SbMe2}2)]  2009m, 1905sh, 











[W(CO)4{MeN(CH2-2-C6H4SbMe2)2}]  2011s, 1907sh, 









223.0, 229.3  
 










[W(CO)4{1,2-C6H4(CH2SbMe2)2}]c  2012m, 1935sh, 
1901vs, 1873sh 
Not reported  201.7, 206.1 
From this work 13C{1H} NMR [100.6 MHz] in CDCl3; a and b: data from ref. 17 (13C{1H} NMR in 
dmso/d6-dmso (a) or CH2Cl2/CDCl3 (b)); c: data from ref. 18 (13C{1H} NMR in CH2Cl2/CDCl3). 
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In contrast, reaction of the dibismuthines O{(CH2)2BiPh2}2 and MeN(CH2-2-
C6H4BiPh2)2 under the same conditions resulted only in decomposition of the ligands, 
indicative of the thermal sensitivity of Bi-C bonds, whereas at room temperature no 
reaction occurred (the latter was also found to be true for the stibine ligands). 
In the tetracarbonyl complexes of the hybrid distibine ligands there is a small shift 
to high frequency in the 1H and 13C{1H} NMR resonances corresponding to the MeSb groups 
compared to the free ligand, which for the etherate ligands is a little below the that found in 
the comparable pentacarbonyl complexes. The resonances corresponding to the rest of the 
ligand backbone are little different to those of the free ligand. There are two peaks of equal 
intensity in the carbonyl region of the 13C{1H} NMR spectrum, corresponding to cis 
coordination of the ligand with two COtransC and two COtransSb. This geometry is confirmed by 
the IR spectra, which in both solution and solid state display four bands in the CO stretching 
region as expected for cis tetracarbonyl species (Table 4.4). The frequencies of these bands 
are very similar for both ligands, and also correlate well with the frequencies observed for 
comparable distibine complexes from the literature, such as cis -[M(CO)4{R2Sb(CH2)3SbR2}] 
and cis-[W(CO)4{1,2-C6H4(CH2SbMe2)2}].16-18 δ(CO) values for these complexes are also very 
similar, suggesting that the structure of the distibine backbone has little effect on the trans 
influence of the ligand (Table 4.4). 
 
Figure 4.4 View of the structure of [Cr(CO)4{MeN(CH2-2-C6H4SbMe2)2}] showing the 
atom labelling scheme. Ellipsoids are drawn at the 50% probability level and H atoms 
are omitted for clarity. 122 
 
 
Table 4.5 Selected bond lengths (Å) and angles (°) for [Cr(CO)4{MeN(CH2-2-C6H4SbMe2)2}]. 
Cr1−C20     1.902(8)  C21−Cr1−C22    88.7(3) 
Cr1−C21     1.835(8)  C22−Cr1−C23    92.4(3) 
Cr1−C22     1.859(8)  C22−Cr1−C20    92.5(3) 
Cr1−C23     1.862(8)  C23−Cr1−Sb2     87.5(2) 
Cr1−Sb1     2.5934(12)  C22−Cr1−Sb1     88.5(2) 
Cr1−Sb2     2.5914(12)  C20−Cr1−Sb1     90.8(2) 
Sb1···N1      3.467(6)  C21−Cr1−C23    92.1(3) 
Sb2···N1     3.643(6)  C21−Cr1−C20    91.1(3) 
  C21−Cr1−Sb2     87.9(2) 
  C20−Cr1−Sb2     87.8(2) 
  C23−Cr1−Sb1     86.2(3) 
  Sb2−Cr1−Sb1     94.84(4) 
 
The molecular structure of cis-[Cr(CO)4{MeN(CH2-2-C6H4SbMe2)2}] (Figure 4.4) 
shows the expected pseudo-octahedral geometry around the Cr centre. There are no 
crystallographically characterised examples of simple distibine ligands chelating a Cr(CO)4 
centre, though there are some examples with unusual stibine ligands containing hetero-
atomic backbones (Me2SbSb(CH2SiMe3)Sb(CH2SiMe3)SbMe2 with an Sb4 backbone or 
Me2SbSSb(Me)SSbMe2 with an SbSSbSSb backbone) which form 1:1 bidentate complexes 
with the Cr(CO)4 fragment for which structures are known.31-33 These have similar Cr-Sb 
distances (between 2.5866(5) and 2.6109(11) Å) to the two almost identical distances in 
[Cr(CO)4{MeN(CH2-2-C6H4SbMe2)2}] (2.5934(12) and 2.5914(12) Å). The distances between 
the central N and each Sb atom are fairly similar (Sb···N = 3.467(6), 3.645(6) Å) and close to 
the sum of the Van der Waals radii (3.55 Å), indicating that there are no hypervalent 
interactions present. 
The crystal structure of [W(CO)4{MeN(CH2-2-C6H4SbMe2)2}] is very similar to that 
reported for [Mo(CO)4{MeN(CH2-2-C6H4SbMe2)2}]. In contrast to the Cr analogue it has two 
very disparate N···Sb distances, one of which is well below the sum of the Van der Waals 
radius (N···Sb2 = 2.997(3) Å, ΣVdW = 3.55 Å), and the other considerably above it (N···Sb1 = 
4.055(2) Å). This indicates formation of a hypervalent interaction between the N lone pair 
and only one of the Sb centres. W-Sb2 is somewhat longer than W-Sb1 (2.7745(4) vs. 
2.7402(4) Å), probably a result of the increased coordination number around this second 
antimony. These W-Sb distances are either side of the range observed for [W(CO)4{CH2(o-   
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C6H4CH2SbMe2)}2] (Sb-W = 2.7580(4) – 2.7736(4) Å), the only crystallographically 
characterised literature example of a distibine ligand chelating to the W(CO)4 fragment.34 
It is difficult to rationalise why such interactions should form in the W and Mo 
complexes, but not in the analogous Cr complex of the same ligand, as the Lewis acidity of 
the Sb centre must be very similar. Comparing the W and Cr structures more closely, by 
superimposing the carbonyl groups (Figure 4.6) it is possible to observe that there is a 
significant difference in the conformation of the ligand backbone. In the Cr example in 
which there is no hypervalency observed, the lone pair on the N atom is pointing away from 
the Sb atoms, whereas in the W example the backbone has distorted to allow the N lone 
pairs to approach one of the Sb centres in an appropriate orientation for an interaction to 
form. Formation of the interaction will only be favourable in cases where the energy gained 
as a result outweighs that required to undergo conformational distortion of the ligand 
backbone. The fine balance between these two energetic terms is probably what gives rise 
to the differences observed for different Group 6 metal centres, the slight change in metal 
size in the presence of a conformationally strained ligand being sufficient to tip this balance.  
 
Figure 4.5 View of the structure of [W(CO)4{MeN(CH2-2-C6H4SbMe2)2}] showing the 
atom labelling scheme. Ellipsoids are drawn at the 50% probability level and H atoms 
are omitted for clarity.  
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Table 4.6 Selected bond lengths (Å) and angles (°) for [W(CO)4{MeN(CH2-2-C6H4SbMe2)2}]. 
W1−C20     2.035(3)  C22−W1−C21    89.15(13) 
W1−C21     1.978(3) 
W1−C22     1.976(3) 
C22−W1−C23    86.68(12) 
C21−W1−C23    90.95(12) 
W1−C23     2.032(3) 
W1−Sb1     2.7402(4) 
C22−W1−C20    90.88(12) 
C21−W1−C20    93.09(12) 
W1−Sb2     2.7745(4) 
Sb1···N1      4.055(2) 
Sb2···N1      2.997(3) 
C22−W1−Sb1     89.30(9) 
C23−W1−Sb1     89.30(9) 
C20−W1−Sb1     86.59(9) 
  C21−W1−Sb2     87.20(9) 
  C23−W1−Sb2     98.03(8) 
  C20−W1−Sb2     84.67(9) 
  Sb1−W1−Sb2     94.325(14) 
 
Figure 4.6 The conformations present in [Cr(CO)4{MeN(CH2-2-C6H4SbMe2)2}] and 
[W(CO)4{MeN(CH2-2-C6H4SbMe2)2}] as a consequence of the absence or presence of 
hypervalent interactions. 
The crystal structures of [M(CO)4(O{(CH2)2SbMe2}2)] (M = Cr, W) were collected, 
and are isomorphous with one another. Both show positional disorder in the non-rigid 
ligand backbone, which was modelled satisfactorily over two sites. For this reason it is 
impossible to obtain exact values of O···Sb, however in both the Cr and W species the model 
used places the oxygen closer to both Sb atoms than sum of the Van der Waals radii (3.52 Å) 
in both possible positions of the backbone, allowing us to cautiously conclude that the 
oxygen forms hypervalent interactions with both Sb centres. This would be facilitated by    
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the more flexible and less bulky ligand backbone compared to the N containing hybrid 
ligand above, meaning the energy penalty for bringing the O into a suitable position for the 
formation of such interactions is likely to be lower. The hypothesis is further supported by 
the observation of two hypervalent interactions within each ligand in 
[Ag(O{(CH2)2SbMe2}2)2][BF4], the only other crystallographically characterised example of 
this ligand behaving in a chelating mode. These interactions were not remarked upon in the 
original report, but re-examination of the structure shows Sb···O are between 3.033(3) and 
3.247(4) Å.5 
The M-Sb distances are very similar to those found in the corresponding complexes 
of MeN(CH2-2-C6H4SbMe2)2 discussed above, and it is noticeable that M-CtransC are a little 
longer than M-CtransSb, a result of the lower trans influence of the stibine donors compared to 
CO. 
  
 Figure 4.7 View of the structure of [Cr(CO)4(O{(CH2)2SbMe2}2)] showing the atom 
labelling scheme. There is disorder in the Sb ligand backbone which was modelled as 
two conformations (A/B) with A being shown. Ellipsoids are drawn at the 40% 
probability level and H atoms are omitted for clarity.  
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Table 4.7 Selected bond lengths (Å) and angles (°) for [Cr(CO)4(O{(CH2)2SbMe2}2)]. 
Cr1−C9     1.895(11)  C10−Cr1−C12    88.9(6) 
Cr1−C10     1.833(11)  C10−Cr1−C11    90.3(5) 
Cr1−C11     1.890(11)  C12−Cr1−C11    90.7(5) 
Cr1−C12     1.842(12)  C12−Cr1−C9     91.0(5) 
Cr1−Sb1     2.6011(15)  C11−Cr1−Sb2     90.5(3) 
Cr1−Sb2     2.5884(17)  C10−Cr1−Sb1     88.5(4) 
Sb1···O1A      3.06(2)  C9−Cr1−Sb1     90.2(3) 
Sb2···O1A      2.86(2)  C10−Cr1−C9     91.8(5) 
  C12−Cr1−Sb2     89.9(5) 
  C9−Cr1−Sb2     87.4(3) 
  C11−Cr1−Sb1     88.3(3) 
  Sb2−Cr1−Sb1     92.69(5) 
 
 
Figure 4.8 View of the structure of [W(CO)4(O{(CH2)2SbMe2}2)] showing the atom 
labelling scheme. There is disorder in the Sb ligand backbone which was modelled as 
two conformations (A/B) with B being shown. Ellipsoids are drawn at the 40% 
probability level and H atoms are omitted for clarity.     
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Table 4.8 Selected bond lengths (Å) and angles (°) for [W(CO)4(O{(CH2)2SbMe2}2)] 
W1−C9     2.026(14)  C11−W1−C10    88.6(8) 
W1−C10     2.004(16)  C11−W1−C9     91.2(6) 
W1−C11     1.937(15)  C10−W1−C9     91.5(6) 
W1−C12     2.036(15)  C11−W1−C12    90.7(6) 
W1−Sb1     2.7250(14)   C10−W1−C12    89.3(6) 
W1−Sb2     2.7378(13)  C10−W1−Sb1     90.5(5) 
Sb1···O1A      3.44(2)    C9−W1−Sb1     87.8(4) 
SB2···O1A      3.16(2)  C12−W1−Sb1     90.3(4) 
  C11−W1−Sb2     88.9(5) 
  C9−W1−Sb2     91.3(4) 
  C12−W1−Sb2     88.1(4) 
  Sb1−W1−Sb2     92.03(4) 
 
4.2.2.3 Group 6 tricarbonyl complexes with hybrid distibine ligands 
The ligand S(CH2-2-C6H4SbMe2)2 was designed to explore the possibility of 
tridentate, mixed donor coordination of a hybrid distibine ligand. In order to encourage 
coordination of the central S donor, the precursors [M(CO)3(MeCN)3] (M = Cr, Mo) were 
prepared, which contain three easily displaceable acetonitrile ligands.35 Reaction of these in 
situ with S(CH2-2-C6H4SbMe2)2 resulted in the formation of the tridentate species fac-
[M(CO)3{S(CH2-2-C6H4SbMe2)2}] (M = Cr, Mo), which were isolated as brown (Mo) or yellow 
(Cr) solids. The X-ray crystal structure of [Cr(CO)3{S(CH2-2-C6H4SbMe2)2}]  was collected, 
and confirms the facial geometry with coordination of both Sb and S donors to the Cr centre. 
In this case, fac geometry is expected to be favoured over mer as it places the good σ-donors 
(Sb and S) trans to the good π-acceptors (CO).   
The 13C{1H} NMR spectra show two (CO), corresponding to COtransSb and COtransS. 
There are two MeSb signals of equal intensity, due to the inequivalence of the Me groups 
facing towards the transition metal centre and those facing away, which are fixed in 
position thanks to locking of the ligand conformation by tridentate coordination. This 
splitting is also visible in the 1H NMR spectrum, for both the SbMe and the SCH2 protons. 
The infrared spectra in dichloromethane solution show one sharp and one broad band. For 
a symmetrical, fac-tridentate ligand with perfect C3V symmetry we expect two bands (a1+ e), 
but in this case lowering of the symmetry due to the unsymmetrical nature of the ligand 
causes broadening of the e mode. Comparison can be drawn between the Sb2S donor set in 
the current examples and known complexes of Group 6 tricarbonyl fragments with Sb3 or S3 128 
 
donor sets. Examples of the former include the M(CO)3 complex of a tridentate stibine 
ligand, fac-[M(CO)3{MeC(CH2SbPh2)3}] and the 1:3 complex fac-[M(CO)3(η1-
Ph3SbCH2SbPh3)3] (M = Cr, Mo, W).15, 19 CO stretching frequencies for these species are 
consistently a little (~5-15 cm-1) above those for [M(CO)3{S(CH2-2-C6H4SbMe2)2}], the 
difference being due to the poorer donor power of aryl stibine ligands compared to the 
alkyl stibine and sulfur donors in the present example. Contrastingly the CO bands in the IR 
spectrum of fac-[M(CO)3([9]aneS3)] are considerably (~10-15 cm-1) lower in frequency, 
demonstrating in turn the increased donor power of thioether ligands compared to alkyl 
stibines.36 In the solid phase the IR spectra seem consistently to display four distinct CO 
stretching bands. This phenomenon is hard to explain, especially as this splitting is absent 
from the solution spectra and the samples were crystalline and pure by NMR and 
microanalysis. The observations were found to be reproducible and can only be attributed 
to a solid state effect. It is interesting to note that for an early report of [Mo(CO)3(SbPh3)3] 
four CO stretching bands were recorded in a similar pattern and all roughly 25 cm-1 to high 
frequency of those observed in [Mo(CO)3{S(CH2-2-C6H4SbMe2)2}].37 
 
Figure 4.9 View of the structure of [Cr(CO)3{S(CH2-2-C6H4SbMe2)2}] showing the atom 
labelling scheme. Ellipsoids are drawn at the 50% probability level and H atoms are 
omitted for clarity.  
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Table 4.9 Selected bond lengths (Å) and angles (°) for [Cr(CO)3{S(CH2-2-C6H4SbMe2)2}]. 
Cr1−C19     1.842(4)  C21−Cr1−C20    90.54(16) 
Cr1−C20     1.838(4)  C21−Cr1−C19    86.95(17) 
Cr1−C21     1.835(4)  C21−Cr1−S1     86.77(12) 
Cr1−S1     2.4114(11)  C19−Cr1−S1     91.69(12) 
Cr1−Sb1     2.5982(6)  C21−Cr1−Sb1     90.16(12) 
Cr1−Sb2     2.5985(6)  C20−Cr1−Sb1     87.58(12) 
  C20−Cr1−Sb2     94.01(11) 
  C19−Cr1−Sb2     88.20(12) 
  Sb1−Cr1−Sb2     94.72(2) 
  S1−Cr1−Sb2     88.99(3) 
  S1−Cr1−Sb1     88.73(3) 
 
The crystal structure shows a pseudo-octahedral Cr centre, with Cr-Sb distances 
very similar to those found in the structure of [Cr(CO)4{MeN(CH2-2-C6H4SbMe2)2}]. Cr-S 
(2.4114(11) Å) is a little shorter than in the similar complex of a tripodal S donor ligand, 
[Cr(CO)3{MeSi(CH2SMe)3}] (2.438(1) – 2.464(1) Å), possibly due to a slight increase in 
electrophilicity of the Cr centre in the presence of the weaker Sb-donor moieties.38 The 
ligand is coordinated in a dished conformation, in which it is clear to observe two distinct 
positions of the SbMe groups and benzyl protons which explain the double resonances in 
the NMR data.  




Hybrid distibine ligands with a central O, N or S donor have been reacted with a 
range of Group 6 carbonyl precursors, resulting in pentacarbonyl, tetracarbonyl and 
tricarbonyl complexes. Three coordination modes have been observed, depending on metal 
precursor and ligand used, namely bidentate bridging and bidentate chelation, both via the 
two Sb donors, and fac-tridentate chelation, in which both Sb donors and the central S 
donor coordinate. Reaction of these ligands with [M(CO)5(thf)] (M = Cr, W) resulted in 
mixtures of bridging and chelating coordination modes, confirming that the energetic drive 
towards chelation is strong enough to displace a CO ligand from the metal centre, a 
somewhat unexpected finding considering the large size of the chelate rings formed. This is 
in contrast to the behaviour of analogous bismuthine ligands, for which only bridging 
complexes are observed, an indication of the poorer donor power of Bi compared to Sb. In 
the crystal structures of the tetracarbonyl species, in which the two Sb atoms chelate the 
metal centre, the central uncoordinated hetero-donor is seen in some cases to form 
hypervalent interactions with one or both Sb atoms. These interactions are weak and 
unpredictable, their presence or absence being dictated by small energetic terms, though 
we have shown them to be capable of causing significant distortions in the ligand 
conformation. These intramolecular interactions can be compared to the similar contacts 
found in transition metal complexes of haloalkylstibines between the Sb centre and hetero-
donors from neighbouring molecules or counterions, discussed in Chapter 3. The 
tricarbonyl complex fac-[Cr(CO)3{S(CH2-2-C6H4SbMe2)2}] represents only the second 
structurally characterised example of a complex involving a polydentate ligand 





S(CH2-2-C6H4Br)2 (1.97 g, 5.31 mmol) was dissolved in diethyl ether (100 mL) and cooled in 
an ice/ethanol bath (approx. 15 °C). nBuLi (1.6 M in hexane, 6.64 mL, 10.6 mmol) was 
added dropwise. A bright yellow precipitate was formed and the mixture stirred for 3 h., 
maintaining the temperature between 15 and 0 °C. A toluene solution (60 mL) of SbMe2Cl 
(1.98 g, 10.6 mmol) was added dropwise to the cooled lithiate, and the reaction mixture 
stirred overnight, resulting in a pale yellow solution and white precipitate. Degassed, 
deionisded water (100 mL) was added, and after thorough mixing the organic layer was 
separated, the aqueous layer washed with diethyl ether (40 mL), and the combined 
organics dried over MgSO4. The solution was then filtered, and the volatiles removed in 
vacuo yielding a yellow oil. Yield: 3.8 g, 68%. 1H NMR (CDCl3):  0.9 (s, [12H], MeSb), 3.8 (s, 
[4H], CH2S), 7.17.6 (m, [8H], aromatic CH). Very small (<8%) resonaces also at 1.19 (s), 
3.59 (d), 3.80 (d), assigned to by-product S(CH2-2-C6H4)2SbMe. 13C{1H} NMR (CDCl3):  
0.30 (MeSb), 40.15 (CH2S), 127.98, 128.77, 129.58,  135.32, 139.01, 144.02 (Caromatic).  
4.4.2 [S(CH2-2-C6H4SbMe3)][I]2 
A sample of the product (0.3 g) was dissolved in acetone (10 mL) and excess MeI (2 mL) 
was added. The mixture was stirred for 2 min., then allowed to stand overnight, resulting in 
formation of very pale yellow needle crystals, which were isolated by filtration and dried in 
vacuo. Anal. Calcd.  for C20H30I2SSb2: C, 30.0; H, 3.8. Found: C, 30.7; H, 3.8. 1H NMR (d6-dmso): 
1.9 (s, [18H], MeSb), 3.8 (s, [4H],  CH2S), 7.47.8 (m, [8H], aromatic CH). 13C{1H} NMR (d6-
dmso): 4.9 (MeSb), 36.5 (CH2S), 128.4, 131.2, 131.5, 135.1, 141.3, 146.0 (Caromatic). ES+ MS: 
m/z = 273 [S(CH2-2-C6H4SbMe3)2]2+, 529 [S(CH2-2-C6H4SbMe3)(CH2-2-C6H4SbMe2)]+.  
4.4.3 Ph2PCH(nBu)Ph 
Ph2PCH2-2-C6H4Br (2.13 g, 6.00 mmol) was dissolved in thf (40 mL) and cooled to -78 °C, 
then nBuLi (1.6 M in hexane, 4.0 mL, 6.4 mmol) added dropwise. The solution was slowly 
warmed to room temperature and stirred for 6 h., then cooled to -78 °C and a solution of 
SbPh2Cl (1.9 g, 6.0 mmol) in thf (35 mL) added. The reaction mixture was allowed to sir 
overnight, resulting in a pale yellow solution containing a white solid precipitate. A ~ 0.5 M 
solution of NaCl in degassed, distilled water was added (60 mL), the organic layer separated, 
and the aqueous layer washed with thf (20 mL) and CH2Cl2 (30 mL). The combined organics 134 
 
were dried over MgSO4 and the volatile components removed in vacuo resulting in a pale 
yellow oil. 31P{1H} NMR of this oil shows a mixture of products (31P{1H} NMR (CDCl3): δ-
11.6, -9.2, 0.52, 3.44). Ethanol (40 mL) was added, resulting in a pale yellow solution and 
some white crystalline precipitate, which was isolated by filtration. The filtrate was 
refrigerated to yield colourless crystals from which the X-ray structure was determined. 1H 
NMR (CDCl3): .76 (t, [3H], CH3), 1.16 (m, [4H], 2CH2), 1.78 (m, [2H], CH2), 3.40 (m, [1H], 
CH), 7.0-7.7 (m, [15H], aromatic CH).  31P{1H} NMR (CDCl3): .52.  A small sample (~ 0.1 g) 
was dissolved in MeCN and treated with several drops of MeI. The volatile components 
were removed in vacuo leaving a small amount of white solid. MS (ESI+): m/z = 347 
[Ph2PCH(nBu)Ph.]+. 
4.4.4 [{W(CO)5}2(O{(CH2)2SbMe2}2)]    
W(CO)6 (0.32 g, 0.91 mmol) was dissolved in thf (40 mL), and photolysed (365 nm) for 1 h., 
producing a dark yellow solution. A solution of O{(CH2)2SbMe2}2 (0.137 g, 0.36 mmol) in thf 
(10 mL) was added and the mixture stirred for 1.5 h. at room temperature. All volatiles 
were removed in vacuo leaving a yellow-brown residue. Hexane (20 mL) was added and the 
mixture was stirred for 10 min. The solution was filtered and the filtrate reduced in vacuo 
to ~10 mL, then stored in a freezer (18 °C, 16 h.).  The off-white solid deposited was 
separated by filtration at 0°C and dried in vacuo. Yield 0.11 g, 30%. Required for 
C18H20O11Sb2W2: C, 21.1; H, 2.0. Found: C, 21.2; H, 2.0%. IR (CH2Cl2/cm
1): 2068s, 1971sh, 
1936s; (Nujol/cm
1): 2066m, 1975s, 1936s.  1H NMR (CDCl3):  1.30 (s, [12H], MeSb), 2.12 (t, 
[4H], CH2Sb), 3.77 (t, [4H], CH2O). 13C{1H} NMR (CDCl3):  −1.5 (MeSb), 17.6 (CH2Sb), 67.4 
(CH2O), 197.4 (1JWC = 124 Hz, 4CO), 200.0 (1JWC = 162 Hz, CO). MS (FAB): m/z = 1047 [M + 
Na]+, 1025 [M]+. 
4.4.5 [{Cr(CO)5}2(O{(CH2)2SbMe2}2)]    
Cr(CO)6 (0.20 g, 0.91 mmol) was dissolved in thf (40 mL) and the solution photolysed (365 
nm) for 1 h., producing an orange solution. O{(CH2)2SbMe2}2 (0.137 g, 0.36 mmol) in thf (10 
mL) was added and the mixture stirred for 1.5 h. at room temperature. The solvent was 
removed in vacuo to leave a yellow/brown residue. Hexane (20 mL) was added and the 
mixture stirred for 10 min. at room temperature. The solution was filtered and the solvent 
removed in vacuo yielding a bright yellow viscous oil. Yield 0.06 g, 22%. IR (CH2Cl2/cm
1): 
2057s, 1979w, 1935s; (Nujol/cm
1): 2057s, 1985m, 1938s. 1H NMR (CDCl3):  1.21 (s, [12H],    
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MeSb), 2.12 (t, [4H], CH2Sb), 3.8 (t, [4H], CH2O). 13C{1H} NMR (CDCl3): −2.0 (MeSb), 18.2 
(CH2Sb), 66.8 (CH2O), 218.5 (4CO), 223.9 (CO).   
4.4.6 [{W(CO)5}2(O{(CH2)2SbPh2}2)]    
W(CO)6 (0.35 g, 1.00 mmol) was dissolved in thf (40 mL) and photolysed (365 nm) for 1 h., 
producing a dark yellow solution. A solution of O{(CH2)2SbPh2}2 (0.25 g, 0.40 mmol) in thf 
(10 mL) was added and the mixture stirred for 2.5 h. at room temperature. All volatiles 
were removed in vacuo leaving a yellow/brown residue. Hexane (20 mL) was added and 
the mixture stirred for 10 min. at which point most of the solids dissolved. The yellow 
solution was then filtered and the solvent removed in vacuo to yield a brown solid. Yield 
0.13 g, 27%. IR (CH2Cl2/cm
1): 2071m, 1976w, 1941s; (Nujol/cm
1): 2071w, 1981w, 1944s. 
1H NMR (CDCl3):  2.39 (t, [4H], CH2Sb), 3.65 (t, [4H], CH2O), 7.4  7.5 (m, [20H], PhSb). 
13C{1H} NMR (CDCl3):  21.4 (CH2Sb), 68.0 (CH2O), 130.0, 130.2, 130.9, 135.3 (Caromatic), 
197.0 (1JWC = 124 Hz, 4CO), 199.1 (1JWC = 166 Hz, CO).  
4.4.7 [W(CO)4(O{(CH2)2SbMe2}2)]  
[W(CO)4(pip)2] (0.12 g, 0.27 mmol) was suspended in toluene (50 mL) and O{(CH2)2SbMe2}2 
(0.10 g, 0.27 mmol) was added. The mixture was refluxed for 18 h., resulting in a cloudy 
orange solution. The volatiles were removed in vacuo and dichloromethane (20 mL) added, 
resulting in a pale yellow solution and some orange solid. The solution was isolated by 
filtration, the volume of the filtrate reduced in vacuo to ~ 5 mL. Hexane (5 mL) was added 
and the solution stored in a freezer (18 °C, 16 h.), yielding a pale orange precipitate. Yield 
0.06 g, 22%. Required for C12H20O5Sb2W: C, 21.5; H, 3.0. Found: C, 21.8; H, 3.1%. IR 
(CH2Cl2/cm
1): 2009m, 1905sh, 1893s, 1871sh; (Nujol/cm
1): 2012s, 1916s, 1896s, 1864sh. 
1H NMR (CDCl3):  1.88 (s, [6H], MeSb), 2.04 (br t, [2H], SbCH2), 3.76 (br t, [2H], CH2O). 
13C{1H} NMR (CDCl3):  0.1 (MeSb), 18.5 (CH2Sb), 68.4 (CH2O), 204.0 (1JWC = 130 Hz, CO), 
207.7 (1JWC = 148 Hz, CO). MS (FAB): m/z = 672 [M]+, 588 [M  3CO]+. 
The route using a 1:1 ratio of [W(CO)5(thf)]:L yields a mixture of penta- and tetra-carbonyl 
complexes. Crystals of the tetracarbonyl complex, spectroscopically identical to that 
obtained by the method above, were isolated from this mixture and used for the X-ray data 
collection. 
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4.4.8 [Cr(CO)4(O{(CH2)2SbMe2}2)]  
[Cr(CO)4(nbd)] (0.10 g, 0.40 mmol) and O{(CH2)2SbMe2}2 (0.15 g, 0.40 mmol) were heated 
at reflux for 18 h. in hexane (50 mL). The volatile components were removed in vacuo and 
the resultant yellow residue dissolved in CH2Cl2 (20 mL). The solution was concentrated in 
vacuo to ca. 5 mL causing precipitation of a yellow solid. Yield 0.04 g, 19%. Required for 
C12H20CrO5Sb2: C, 26.7; H, 3.7. Found: C, 26.8; H, 3.8%. IR (CH2Cl2/cm
1): 1996s, 1904sh, 
1888s, 1869sh; (Nujol/cm
1): 2000m, 1912m, 1891s. 1H NMR (CDCl3):  1.12 (s, [12H], 
MeSb), 2.05 (t, [4H], CH2Sb), 3.80 (t, [4H], CH2O). 13C{1H} NMR (CDCl3):  1.5 (MeSb), 18.4 
(CH2Sb), 67.3 (CH2O), 223.8 (CO), 229.6 (CO).  
The route using a 1:1 ratio of [Cr(CO)5(thf)]:L yields a mixture of penta- and tetra-carbonyl 
complexes. Crystals of the tetracarbonyl complex, spectroscopically identical to that 
obtained by the method above, were isolated from this mixture and used for the X-ray data 
collection. 
4.4.9 [W(CO)4{MeN(CH2-2-C6H4SbMe2)2}]  
W(CO)6 (0.12 g, 0.35 mmol) was dissolved in thf (40 mL) and the solution photolysed (365 
nm) for 1 h., giving a dark yellow solution. MeN(CH2-2-C6H4SbMe2)2 (0.15 g, 0.29 mmol) 
dissolved in CH2Cl2 (10 mL) was added and the reaction mixture stirred for 2 h. The solvent 
was removed in vacuo leaving a dark brown residue. Extraction with hexane (20 mL) 
produced a yellow solution and residual brown solid, which was removed by filtration. 
Storage of the hexane solution (4 °C, 16 h.) gave the complex as yellow crystalline blocks. 
Yield 0.15 g, 63%. Required for C23H27NO4Sb2W: C, 34.2; H, 3.4; N, 1.7. Found: C, 34.4; H, 3.3; 
N, 1.7%. IR (CH2Cl2/cm
1):  2011s, 1907sh, 1893s, 1872s; (Nujol/cm
1): 2011s, 1916sh, 
1897s, 1858s. 1H NMR (CDCl3):  1.25 (s, [12H], MeSb), 1.87 (s, [3H], MeN), 3.61 (s, [4H], 
CH2N), 7.23  7.49 (m, [8H], aromatic CH). 13C{1H} NMR (CDCl3): 2.9 (MeSb), 42.3 (MeN), 
65.2 (CH2N), 128.9, 130.0, 132.4, 134.5, 134.6 (Caromatic), 143.4 (Cipso), 203.3 (1JWC = 124 Hz, 
CO), 206.5 (1JWC = 161 Hz, CO). MS (FAB): m/z = 808 [M]+, 793 [M  Me]+. 
4.4.10 [Cr(CO)4{MeN(CH2-2-C6H4SbMe2)2}]  
[Cr(CO)4(nbd)] (0.10 g, 0.39 mmol) and MeN(CH2-2-C6H4SbMe2)2 (0.20 g, 0.39 mmol) were 
dissolved in hexane (40 mL) and heated at reflux for 7 h., then stirred overnight. The 
solution was filtered and the filtrate reduced in vacuo to ~ 7 mL, causing precipitation of a 
yellow solid, which was isolated by filtration. Yield 0.05 g, 19%. Yellow crystals were grown 
from the filtrate (4 °C). Required for C23H27CrNO4Sb2: C, 40.8; H, 4.0; N, 2.1. Found: C, 41.8; H,    
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4.2; N, 2.0%. IR (CH2Cl2/cm
1): 1999s, 1906s, 1890s, 1870sh; (Nujol/cm
1): 1999m, 1915m, 
1893s, 1859m. 1H NMR (CDCl3):  1.09 (s, [12H], MeSb), 1.95 (s, [3H], MeN), 3.53 (s, [4H], 
CH2N), 7.14  7.62 (m, [8H], aromatic CH). 13C{1H} NMR (CDCl3): 1.49 (MeSb), 43.1 (MeN), 
65.2 (CH2N), 128.7, 129.6, 132.1, 134.6, 136.6 (Caromatic), 143.3 (Cipso), 223.0 (CO), 229.3 (CO). 
MS (FAB): m/z = 676 [M]+, 564 [M  4CO]+. 
This compound was also identified as a major product from the reaction of [Cr(CO)5(thf)] 
with the ligand, but could not readily be separated from the pentacarbonyl species 
[{Cr(CO)5}2{MeN(CH2-2-C6H4SbMe2)2}] also produced.  
4.4.11 fac-[Cr(CO)3{S(CH2-2-C6H4SbMe2)2}]  
Cr(CO)6 (0.13 g, 0.58 mmol) was dissolved in acetonitrile (50 mL) and heated at reflux for 
20 h., resulting in a bright yellow solution and some green solid. A solution of S(CH2-2-
C6H4SbMe2)2 (0.29 g, 0.58 mmol) in acetonitrile (40 mL) and dichloromethane (5 mL) was 
added, and the resulting mixture stirred for 1 h. at room temperature. The volatile 
components were removed in vacuo and the resulting solids redissolved in 
dichloromethane (20 mL). The solution was filtered and the volume reduced in vacuo to ~ 5 
mL. Diethyl ether (5 mL) was added and the solution was then concentrated further until it 
reached clouding point. Storage in a freezer (18 °C, 16 h.) yielded bright yellow rhombic 
crystals. Yield 0.04 g, 13%. Required for C21H24CrO3SSb2: C, 38.7; H, 3.7. Found: C, 39.6; H, 
3.3%. IR (CH2Cl2/cm
1): 1927s, 1829vbr; (Nujol/cm
1): 1922s, 1916s, 1827s, 1815s. 1H 
NMR (CDCl3):  1.13 (s, [6H], MeSb) 1.36 (s, [6H], MeSb), 3.41 (br m, [4H], CH2S), 7.0  7.6 
(m, [8H], aromatic CH). 13C{1H} NMR (CDCl3):  0.9 and 1.7 (MeSb), 45.9 (CH2S), 129.7, 
130.2, 130.5, 131.5, 132.3, 140.5 (Caromatic), 230.8 (CO), 233.3 (CO). MS (FAB): m/z = 652 
[M]+, 568 [M  3CO]+. 
4.4.12 fac-[Mo(CO)3{S(CH2-2-C6H4SbMe2)2}]  
Mo(CO)6 (0.13 g, 0.48 mmol) was dissolved in acetonitrile (50 mL) and the solution refluxed 
for 16 h. under a flow of argon, resulting in a pale yellow solution. A solution of S(CH2-2-
C6H4SbMe2)2 (0.25 g, 0.48 mmol) in acetonitrile (40 mL) was added and the mixture 
allowed to stir for 5 h. at room temperature. The solvent was removed in vacuo, yielding a 
brown residue which was dissolved in dichloromethane (20 mL), filtered and the filtrate 
concentrated in vacuo to ~ 5 mL. The addition of hexane (5 mL) precipitated a beige powder 
which was collected by filtration. Yield 0.15 g, 46%. Required for C21H24MoO3SSb2·½CH2Cl2: 
C, 34.4; H, 3.4. Found: C, 35.0; H, 3.1%. IR (CH2Cl2/cm
1): 1939s, 1841s, br; (Nujol/cm
1): 138 
 
1933s, 1928sh, 1839s, 1825s.  1H NMR (CDCl3):  1.09 (s, [6H], MeSb) and 1.37 (s, [6H], 
MeSb), 3.58 (s, [2H], CH2S), 3.61 (s, [2H], CH2S), 7.1  7.6 (m, [8H], aromatic CH). 13C{1H}  
NMR (CDCl3):   0.3 and 0.7 (MeSb), 46.2 (CH2S), 130.3, 130.4, 131.9, 132.4, 140.2, 148.0 
(Caromatic), 218.7 (CO), 223.3 (CO). MS (CI): m/z = 696 [M]+. 
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Formula  C20H30I2SSb2  C23H25P1  C12H20CrO5Sb2  C12H20O5Sb2W 
M  799.80  332.40  539.78  671.63 
Crystal system  monoclinic  orthorhombic  monoclinic  monoclinic 
Space group  P21/n (no. 14)  P212121 (no. 19)  P21/n (no. 14)  P21/n (no. 14) 
a/Å  12.047(2)  5.6612(10)  7.2837(5)    7.229(2) 
b/Å  8.0567(15)  16.340(2)  13.933(2)  14.047(5) 
c/Å  26.471(5)  20.567(3)  17.804(3)  18.191(6) 
α/  90  90  90  90 
/  100.379(7)  90  94.690(10)  95.26(2) 
γ/  90  90  90  90 
U/Å3  2527.1(8)  1902.5(5)  1800.8(4)  1839.4(10) 
Z  4  4  4  4 
(Mo-Kα)/mm–1  4.67  0.145  3.583  9.167 
F(000)  1496  712  1032  1232 
Total no. 
reflections 
21722  18204  18994  13234   
Unique reflections  5737  4316  3512  3519 
Rint  0.036  0.094  0.031  0.044 
Min., max. 
transmission 
0.812, 1.000   0.778, 1.000  0.804, 1.000  0.530, 1.000 
No. of parameters, 
restraints 
232, 0  218, 0  218, 86  218, 47 
R1b [Io > 2(Io)]  0.043  0.0730  0.064  0.057 
R1 (all data)  0.055  0.1098  0.074  0.069 
wR2b [Io > 2(Io)]  0.084  0.1321  0.161  0.132 
wR2 (all data)  0.090  0.1496  0.172  0.143 
a Common items: temperature = 120 K; wavelength (Mo-K) = 0.71073 Å; (max) = 27.5. 
b R1 = || Fo| – |Fc||/|Fo|.  wR2 = [w(Fo2 – Fc2)2/wFo4]1/2. 








Formula  C23H27CrNO4Sb2   C23H27NO4Sb2W  C21H24CrO3SSb2 
M  676.96  808.81  651.96 
Crystal system  monoclinic  monoclinic  monoclinic 
Space group (no.)  P21/n (no. 14)  P21/n (no. 14)  P21/c (no. 14) 
a/Å  9.6141(15)  8.9364(15)  12.6781(10) 
b/Å  26.060(4)  18.427(3)  11.2606(10) 
c/Å  10.2948(15)  16.230(3)  16.5520(15) 
α/  90  90  90 
/  97.699(10)  100.494(7)  90.357(5) 
γ/  90  90  90 
U/Å3  2556.0(7)  2627.9(7)  2363.0(4) 
Z  4  4  4 
(Mo-Kα)/mm–1  2.543  6.434  2.828 
F(000)  1320  1520  1264 
Total no. reflections  20852  17567  29464 
Unique reflections  5710  5975  5402 
Rint  0.049  0.028  0.041 
Min., max. 
transmission 
0.780, 1.000  0.779, 1.000  0.8574, 1.000 
No. of parameters, 
restraints 
280, 0  285, 0  253, 0 
R1b [Io > 2(Io)]  0.059  0.023  0.033 
R1 (all data)  0.077  0.025  0.041 
wR2b [Io > 2(Io)]  0.109  0.049  0.061 
wR2 (all data)  0.118  0.050  0.064 
a Common items: temperature = 120 K; wavelength (Mo-K) = 0.71073 Å; (max) = 27.5. 
b R1 = || Fo| – |Fc||/|Fo|.  wR2 = [w(Fo2 – Fc2)2/wFo4]1/2. 
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Chapter 5 – Cyclopentadienyl iron dicarbonyl and manganese 
tricarbonyl complexes of hybrid distibine ligands 
 
5.1 Introduction 
In order to further explore the coordination properties of the hybrid distibine 
ligands discussed in Chapter 4, complexation with other transition metal systems was 
investigated. The [CpFe(CO)2]+ fragment has previously been employed in systematic 
studies with Group 15 ligands, being particularly suitable due to its multiple reporter 
groups.1, 2 The metal carbonyls provide spectroscopic probes via infrared and 13C NMR 
spectroscopies which are sensitive to the donor properties of co-ligands,  and the 
cyclopentadienyl group gives a diagnostic resonance in both 1H and 13C{1H} NMR spectra. 
The charged nature of these complexes allows their observation by ESI+ mass spectrometry. 
Furthermore, entry into these complexes via an easy to generate intermediate with a labile 
thf ligand, [CpFe(CO)2(thf)][BF4],3 gives a route to coordination of weaker donors such as 
stibines and bismuthines at a single site on the metal centre. 
Manganese(I) carbonyls are also suitable metal centres for the coordination of soft 
donors, being in a low oxidation state, and the carbonyl groups once again providing an 
excellent spectroscopic probe. The quadrupolar 55Mn nucleus (I = 5/2, 100%, Ξ =  24.8 MHz, 
Q = 0.40 10-28 m2)4 can be monitored by NMR in higher symmetry complexes, and these 
resonances act as a sensitive indication of the electronic environment of the metal centre.5, 6 
The intermediate [Mn(CO)3(OCMe2)3]+ has three labile acetone ligands which are easily 
displaced by other donor ligands.7 The resultant species are analogues of the Group 6 
tricarbonyl complexes (Section 4.2.2.3), with the added benefit of a positive charge on the 
metal centre which promotes stronger ligand binding and allows easy identification by ESI+ 
mass spectrometry.   144 
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5.2 Results and discussion 
5.2.1 Reaction of hybrid distibines with [CpFe(CO)2(thf)][BF4] 
Combination of [CpFe(CO)2(thf)][BF4] (formed in situ according to the literature)2 
with hybrid distibine ligands (L) in CH2Cl2 solution results in formation of the ligand 
bridged dimers [{CpFe(CO)2}2(L)][BF4]2 (L = O{(CH2)2SbR2}2 (R = Me, Ph), S(CH2-2-
C6H4SbMe2)2, MeN(CH2-2-C6H4SbMe2)2). Each terminal Sb moiety is coordinated to one 
metal centre, with the central hetero-donor of the ligand backbone remaining 
uncoordinated. In contrast to the behaviour of these ligands with [M(CO)5(thf)] (M = Cr, W) 
discussed in the previous chapter, no evidence was seen for formation of 1:1 chelate 
complexes, presumably indicating the increased difficulty of displacing a CO group from the 
charged Fe centre.  
Table 5.1 Selected spectroscopic data for stibine and bismuthine complexes with the 
[CpFe(CO)2]+ fragment. 













O{(CH2)2SbMe2}2  2044, 2000b  2041, 2034, 2005, 1993  86.3  210.7 
O{(CH2)2SbPh2}2  2050, 2006  2044, 2002(sh), 1996  86.3  209.2 
S(CH2-2-C6H4SbMe2)2  2049, 2002  2039, 1998.  86.0  209.0 
MeN(CH2-2-C6H4SbMe2)2  2045, 2001  2040, 1992  86.1  209.7 
O{(CH2)2BiPh2}2  2063, 2020  2062,2021, 2007(sh)  86.3  209.5 
S(CH2-2-C6H4BiPh2)2  2067, 2020  2071, 2055, 2023  85.3  210.0 
S(CH2-2-C6H4BiMe2)2  2072, 2020  2068, 2015, 2005  86.2  209.6 
MeN(CH2-2-C6H4BiPh2)2  2070, 2055, 
2022, 1998 




MeN(CH2-2-C6H4BiMe2)2  2071, 2024  2071, 2043, 2017, 2004  86.6  209.6 
Ph2Sb(CH2)3SbPh2  2048, 2005  2042, 1992  85.9  208.9 
SbMe3c  2046, 2003    86.7  211.1 
BiMe3c  2053, 2018    86.1  212.2 
thfd  2065, 2019    85.8  208.9 
a Chlorocarbon solution. In this work 13C{1H} NMR (100.6 MHz) spectra for Bi ligand complexes were 
recorded at 223 K and Sb complexes at 295 K; 
b Spectrum recorded in MeCN due to poor solubility in chlorocarbons. 
c Taken from ref. 2. No solid state IR data reported. 1:1 Fe:L complexes. 
d Taken from ref. 3. 1:1 Fe:thf precursor complex.  
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Selected spectroscopic data for these complexes and those of corresponding hybrid 
dibismuthines are shown in Table 5.1, as well as data for some comparable complexes 
taken from the literature. The 1H NMR spectral resonances for the ligand MeSb groups 
showed a shift to higher frequency of around 1 ppm upon coordination, with a 
corresponding small increase in 13C{1H } NMR frequencies. Other ligand backbone 
resonances were very little changed in comparison to the free ligands, including the SbPh 
groups in O{(CH2)2SbPh2}2. The single resonances corresponding to the Cp and CO groups 
confirm the assignment of the CpFe(CO)2 fragment, but are within a narrow range across all 
the complexes in Table 5.1, giving little indication of relative donor power.  
Solution infrared spectra show the expected two bands corresponding to the two 
stretching modes of the carbonyl groups (A1 + B1), which for the hybrid distibine complexes 
are all at very similar frequencies, closely corresponding to those observed in the model 
distibine complex [CpFe(CO)2{Ph2Sb(CH2)3SbPh2}] which does not contain a central hetero-
donor. These bands are generally 20-30 cm-1 lower than in the corresponding dibismuthine 
complexes, demonstrating the superior donor ability of Sb over Bi. The solid-state infrared 
spectra for [{CpFe(CO)2}2{Y(CH2-2-C6H4SbMe2)2}][BF4]2 (Y = S, MeN) are similar to the 
solution spectra, showing only two bands, whereas for [{CpFe(CO)2}2(O{(CH2)2SbR2}2)] 
[BF4]2 (R = Me, Ph) four and three closely spaced bands were observed respectively. The 
samples were crystalline and appeared to be pure by other forms of spectroscopy, and this 
splitting was attributed to the presence of a hypervalent interaction in the solid state 
involving the central O atom and one of the Sb atoms, resulting in inequivalence of the two 
Sb moieties and hence of the two Fe centres. This would give rise to four bands in the solid 
state IR spectrum, the observation of only three in one case being attributable to 
coincidence of two of these bands.  
This hypothesis is confirmed upon examination of the molecular structure of 
[{CpFe(CO)2}2(O{(CH2)2SbMe2}2)][BF4]2 (Figure 5.1) which shows a ligand bridged dimeric 
structure in which the backbone is folded to allow the uncoordinated O atom to approach 
one of the Sb centres, forming a single hypervalent interaction, with the Sb2···O distance 
being less than the sum of the Van der Waals radii (3.184(8) Å, Σ VdW = 3.52 Å),8 while the 
distance between the O atom and Sb1 is more than an angstrom greater (4.363(8) Å). The 
hypervalent Sb···O distance is not as short as those discussed in Chapter 3 (Section 3.2.2) 
between cooordinated SbMe2Br and O from a [CF3SO3]- anion, the difference of ~ 0.4 Å 
being attributable to the decreased Lewis acidity of the triorganostibine in comparison to 
the halostibine, as well as a lack of electrostatic interaction. However, the contact is of 
comparable length to the symmetrical double hypervalent interactions seen in 
[Ag(O{(CH2)2SbMe2}2)2][BF4] in which the same ligand is coordinating in a bidenate fashion    
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(via Sb) to the silver centre, allowing approach of the oxygen to both Sb centres, with mean 
Sb···O of 3.166 Å.9 The presence of only one hypervalent interaction in 
[{CpFe(CO)2}2(O{(CH2)2SbMe2}2)][BF4]2 can be explained by avoidance of the steric 
crowding which would result if the two metal fragments were brought into close proximity 
by the hypervalent coordination of the O to the second Sb atom. 
 
Figure 5.1 View of the structure of [{CpFe(CO)2}2(O{(CH2)2SbMe2}2)]2+ with atom 
numbering scheme. Ellipsoids are drawn at the 50% probability level and H atoms are 
omitted for clarity. 
Table 5.2 Selected bond lengths (Å) and angles (°) for [{CpFe(CO)2}2(O{(CH2)2SbMe2}2)]2+. 
Fe1C9   1.788(12) 
Fe1C10  1.784(12) 
Fe1C(Cp)  2.065(11)2.096(11) 
Fe1Sb1  2.4846(18) 
Fe2C11  1.778(13) 
Fe2C12  1.799(14) 
Fe2C(Cp)  2.057(14)2.091(13) 
Fe2Sb2  2.4870(19) 
O1···Sb1  4.363(8) 
O1···Sb2  3.184(8) 
C9Fe1C10    95.9(5) 
C9Fe1Sb1    93.4(4) 
C10Fe1Sb1    90.5(4) 
C11Fe2C12    95.4(5) 
C11Fe2Sb2    94.1(4) 
C12Fe2Sb2    88.1(4) 
 
 
The presence of one hypervalent interaction gives clear evidence for the 
inequivalence of the two Sb centres, and explains the splitting of the IR bands. The lack of a 
similar splitting in the solution spectra of these complexes suggests that these weak 148 
 
interactions are lost in solution. There is much precedence for the disappearance or 
reversible dissociation of hypervalent contacts in solution, and in organostibine and 
bismuthine species these two phenomena can be distinguished by variable temperature 
NMR spectroscopy.10 In the current case the spectroscopic probe provided by infrared ν(CO) 
resonances allows us to determine that the interactions are absent rather than being 
fluxional on the NMR timescale in solution. 
The structure of [{CpFe(CO)2}2{MeN(CH2-2-C6H4SbMe2)2}][BF4]2 (Figure 5.2) confirms that 
hypervalent interactions are not present in this complex, consistent with the lack of 
splitting in the solid state IR spectrum. The fairly symmetrical structure shows that the two 
CpFe(CO)2 groups are being held apart from each other, and away from the central amine 
moiety, by the open conformation of the ligand backbone. Hence the metal centres, while 
being very slightly different crystallographically, are electronically identical.  
Both structures described above exhibit a similar ‘piano stool’ geometry at each iron 
centre, with Fe-Sb distances in the range 2.467-2.485 Å, comparable to those found in the 
1:1 complexes [CpFe(CO)2(SbPh3)][PF6] (Fe-Sb = 2.4769(4) Å) and [CpFe(CO)2(SbPhMe2)] 
[BF4] (2.4845(7) Å).11 
 
 
Figure 5.2 View of the structure of [{CpFe(CO)2}2{MeN(CH2-2-C6H4SbMe2)2}]2+ with 
atom numbering scheme. Ellipsoids are drawn at the 50% probability level and H atoms are 
omitted for clarity. 
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Table 5.3 Selected bond lengths (Å) and angles (°) for  [{CpFe(CO)2}2{MeN(CH2-2-
C6H4SbMe2)2}]2+. 
Fe1Sb1  2.4669(14)  C6Fe1C7    92.8(5) 
Fe1C6   1.777(10)  C6Fe1Sb1    92.2(3) 
Fe1C7   1.777(10)  C7Fe1Sb1    91.2(3) 
Fe1C(Cp)  2.081(10)2.103(8)  C27Fe2C28    91.0(4) 
Fe2Sb2  2.4780(14)  C27Fe2Sb2    91.9(3) 
Fe2C27  1.772(10)  C28Fe2Sb2    92.2(3) 
Fe2C28  1.771(11)   
Fe2C(Cp)   2.075(10)2.101(9)   
 
Though it is tempting to explain the lack of any hypervalent interaction in the more 
rigid backboned [{CpFe(CO)2}2{MeN(CH2-2-C6H4SbMe2)2}][BF4]2 on steric grounds, the data 
observed for the bismuthine analogue [{CpFe(CO)2}2{MeN(CH2-2-C6H4BiMe2)2}][BF4]2 
suggest that one hypervalent interaction is present in this species, and in fact this is the 
only example from this series in which the hypervalent interaction is maintained in solution, 
two separate sets of peaks being observable in the solution infrared and NMR spectra. 
Evidence for hypervalent interactions is seen only in the solid state for all of the remaining 
complexes of hybrid dibismuthines, the increased propensity of these ligands towards 
forming such interactions being accounted for by the higher Lewis acidity of the Bi centre in 
comparison to Sb.  
5.2.2 Reaction of hybrid distibines with [Mn(CO)3(OCMe2)3][CF3SO3] 
The precursor [Mn(CO)3(OCMe2)3][CF3SO3] was formed in situ by heating 
[Mn(CO)5Br] and Ag[CF3SO3] in dry acetone at reflux. Addition of S(CH2-2-C6H4SbMe2)2 
followed by heating briefly at reflux gave the 1:1 complex fac-[Mn(CO)3{S(CH2-2-
C6H4SbMe2)2}][CF3SO3], in which the hybrid ligand is coordinated in a tridentate fashion via 
its Sb2S donor set. The 1H NMR spectrum shows two resonances in the SbMe region and a 
broad multiplet in the SCH2 region. The splitting of the resonances for these groups is the 
result of the facial coordination of the ligand fixing the two methyl groups on each Sb in 
different positions relative to the Sb2C2 plane around the Mn centre (evident in the crystal 
structure, Figure 5.3), also making the two protons of each CH2 group inequivalent, which 
then causes coupling between them. The 13C{1H } spectrum also shows two SbMe 
resonances, with only one visible in the SCH2 region, confirming that the two CH2 groups 
are equivalent to one another. The δ(CO) signal is a broad peak, (w½ ≈ 300 Hz) any 
distinction between COtransSb and COtransS being lost due to proximity to the quadrupolar 150 
 
55Mn nucleus. The 55Mn NMR spectrum shows a single resonance at -1418 ppm, which is 
fairly broad (w½ = 3000 Hz) due to the unsymmetrical coordination environment. A 
comparison of 55Mn resonances in this system with tridentate Group 15 and16 ligands (P, 
As S, Se and Te, donors) showed that the 55Mn resonances were a sensitive measure of -
donor ability towards the Mn centre.6 More negative values indicate a more shielded metal 
centre, and hence stronger -donation of the coordinated ligand. Comparison of 55Mn NMR 
data for [Mn(CO)3{MeC(CH2EMe)3}][CF3SO3] showed that donor ability increases down 
Group 16 (δ(Mn) = -477, -721, and -1509 for E = S, Se and Te, respectively), though  for E = 
As donation was stronger than any of these with δ(Mn) = -1857. The chemical shift value 
observed for the complex of S(CH2-2-C6H4SbMe2)2 described here suggests that the 
combination of Sb and S donors is considerably more strongly donating than a purely S 
donor ligand, allowing us to conclude that Sb is a significantly better σ-donor towards Mn(I) 
than S.  
The solution and solid state infrared spectra of this species each display three bands, 
reflecting the lowering of the symmetry from C3v in the precursor to Cs, due to the 
unsymmetrical nature of the ligand. The unusual splitting of these bands in the solid state 
which was observed in the Group 6 fac-tricarbonyl complexes of this ligand was not seen in 
this case. 
 
Figure 5.3 View of the structure of [Mn(CO)3{S(CH2-2-C6H4SbMe2)2}]+ with atom 
numbering scheme. Ellipsoids are drawn at the 50% probability level and H atoms are 
omitted for clarity. Symmetry operation a = x, ½ - y, z  
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Table 5.4 Selected bond lengths (Å) and angles (°) for [Mn(CO)3{S(CH2-2-C6H4SbMe2)2}]+. 
C11-Mn1                     1.788(4) 
C10-Mn1                     1.822(3) 
Sb1-Mn1                     2.5716(4) 
S1-Mn1                       2.3652(12) 
 
C11-Mn1-C10              90.35(12) 
C10a-Mn1-C10            92.51(17) 
C11-Mn1-S1                178.39(13) 
C10-Mn1-S1                88.53(9) 
C11-Mn1-Sb1              89.86(8) 
C10a-Mn1-Sb1            179.01(9) 
C10-Mn1-Sb1             86.52(8) 
S1-Mn1-Sb1                 91.24(2) 
Sb1-Mn1-Sb1a            94.45(2) 
 
The crystal structure confirms the fac-tridentate geometry, and contains one mirror 
plane which is occupied by the S and Mn atoms and one CO group. This contrasts with the 
unsymmetrical ligand geometry seen in the structurally analogous Cr complex 
[Cr(CO)3{S(CH2-2-C6H4SbMe2)2}] discussed in Chapter 4, in which the C-S-C angle is 
considerably offset from the Sb-Cr-Mn angle. The Mn- CtransSb bond length is slightly longer 
than the Mn-CtransS (1.822(3) Å vs. 1.788(4) Å), supporting the inference made from the 
NMR data that Sb is a better donor to the Mn(I) centre than S. The Sb-Mn distance 
(2.5716(4) Å) is comparable to those found in [Mn(CO)3(SbMe2Br)3][CF3SO3] (mean Sb-
Mn = 2.583 Å).  
Heating MeN(CH2-2-C6H4SbMe2)2 to reflux with [Mn(CO)3(OCMe2)3][CF3SO3] in 
acetone gives [Mn(CO)3{MeN(CH2-2-C6H4SbMe2)2}][CF3SO3], for which some data have been 
reported previously in our group.12 Repetition of the synthesis followed by re-examination 
of the spectra show that another minor product is present, resulting in a second, broader 
set of peaks in both the 1H and 13C{1H } NMR spectra. Some small extra bands are also 
visible in both the solution and solid state infrared spectra.  
Recrystallisation gives yellow, rhombus shaped crystals, the X-ray structure of 
which was determined (Figure 5.4). However, repetition of the spectroscopic analysis on 
the pure crystalline sample did not show any change in the spectra, a second species still 
being present. The structure obtained shows tridentate coordination as postulated in the 
original report, with the N coordinated to the Mn centre as well as the two Sb atoms. The 
geometry and Mn-Sb distances are very similar to those in the thioether analogue, though 
there is no crystallographic mirror plane. 152 
 
 
Figure 5.4 View of the structure of [Mn(CO)3{MeN(CH2-2-C6H4SbMe2)2}]+ with atom 
numbering scheme. Ellipsoids are drawn at the 50% probability level and H atoms are 
omitted for clarity. 
Table 5.5 Selected bond lengths (Å) and angles (°) for [Mn(CO)3{MeN(CH2-2-C6H4SbMe2)2}] 
[CF3SO3]. 
C20-Mn1    1.792(9) 
C21-Mn1    1.821(9) 
C22-Mn1    1.803(9) 
N1-Mn1    2.234(6) 
Sb1-Mn1    2.5629(14) 
Sb2-Mn1     2.5663(13) 
C20-Mn1-C22    89.3(5) 
C20-Mn1-C21    89.4(4) 
C22-Mn1-C21     90.7(4) 
C20-Mn1-N1          92.0(3) 
C22-Mn1-N1           177.9(3) 
C21-Mn1-N1           90.9(3) 
C20-Mn1-Sb1             176.9(3) 
C22-Mn1-Sb1              88.3(3) 
C21-Mn1-Sb1              88.6(3) 
N1-Mn1-Sb1                90.48(16) 
C20-Mn1-Sb2              86.3(3) 
C22-Mn1-Sb2              87.3(3) 
C21-Mn1-Sb2             175.3(3) 
N1-Mn1-Sb2                 91.15(17) 
Sb1-Mn1-Sb2              95.62(4) 
 
The affinity of the hard tertiary amine for the Mn(I) centre is likely to be poor, and 
on this basis we have tentatively assigned the second species as [Mn(CO)3{2-Sb,Sb-
MeN(CH2-2-C6H4SbMe2)2}CF3SO3], in which the N donor is no longer coordinated to the Mn,    
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being replaced by close approach of the [CF3SO3]- counterion to fill the vacant coordination 
site. This is supported by the presence of one sharp and one broad peak in the 19F{1H} NMR 
of this compound, corresponding to uncoordinated and coordinated triflate respectively 
(Figure 5.5).  
 
Figure 5.5 19F{1H} NMR spectrum (282.4 MHz) of [Mn(CO)3{MeN(CH2-2-
C6H4SbMe2)2}][CF3SO3] in CDCl3 solution.  
The 55Mn NMR spectrum shows one broad peak at 1745 ppm (w½ = 4500 Hz). It is 
notable that this is considerably to low frequency of that observed for the Sb2S donor set, 
implying that despite the incompatibility of the hard base N and soft acid Mn(I), the 
electron donation by the coordinated amine moiety in fact exceeds that of the softer 
thioether. This inference is supported by comparison of the CO stretching frequencies in the 
IR spectra of these species, which are ~10 cm-1 lower for the complex of the hybrid amine 154 
 
ligand than that of the thioether, suggesting greatest σ-donation to the Mn centre by the 
former. No 55Mn NMR spectroscopic signal was observed for a second species, probably a 
result of the lower symmetry in the minor product. 
Attempts to react the hybrid Sb/O ligand O{(CH2)2SbMe2}2 with [Mn(CO)3(OCMe2)3] 
[CF3SO3] failed, the mis-match between the very hard O donor and the Mn centre being 
seemingly too large. 
Structurally characterised manganese complexes of stibine ligands are rare, leading 
to a lack of complexes which are directly comparable with those described here. The dimer 
[Mn2(CO)6(Ph2SbCH2SbPh2)2] contains similar Mn(CO)3 units with two stibine donors, 
though the Sb-Mn distances are rather shorter (averaging 2.493 Å) probably due  to the 
filling of the coordination sphere with a Mn-Mn bond rather than another donor ligand.13 
The structure of [Mn(CO)5(SbPh3)][CF3SO3] has a Mn-Sb distance of 2.596 (3) Å, similar to 
those in the complexes reported here, and manganese(I) carbonyl halide complexes with 
stibine ligands have also been reported, though the presence of significantly different donor 
sets around the metal centre precludes detailed spectroscopic comparisons.14, 15 
The complexes of S(CH2-2-C6H4SbMe2)2 reported in this and the previous chapter 
are the first fully characterised transition metal complexes of hybrid Sb/S donor ligands, a 
surprising state of affairs considering the mutual compatibility of these donors with softer 
transition metal centres. Several complexes of mixed Sb/N donor ligands are known, but 
very few involve coordination of both soft Sb and hard N donors to the same metal centre.16 
Of those which do, most are Pt(II) and Pd(II) halide complexes featuring bidentate 
coordination of one Sb and one N donor.17, 18 One such, [PtCl2{Sb(C6H4-2-CH2NMe2)3}], 
contains a weak hypervalent contact (Sb···N = 3.24(1) Å) between the coordinated Sb and a 
second, uncoordinated amine moiety, one of the few literature examples of hypervalency 
within a transition metal stibine complex.18  
 




Bidentate bridging complexes of hybrid stibine ligands, coordinated only through 
the Sb donors, have been isolated with the [CpFe(CO)2]+ fragment, providing access to a 
coordination mode of these ligands that was difficult to obtain with Group 6 pentacarbonyl 
fragments. Single hypervalent interactions, between the centeral donor and only one of the 
two Sb atoms, were seen in some of these species. As a result electronic inequivalence of the 
two transition metal centres in these complexes was observed in the solid state by IR 
spectroscopy. These contacts are not present in solution, once again demonstrating the 
weak nature of such interactions. 
Rare examples of hybrid distibine ligands coordinated in a polydentate fashion with 
mixed (Sb2S and Sb2N) donor sets have also been structurally characterised. The [Mn(CO)3]+ 
system provides several spectroscopic probes including 55Mn NMR, allowing comparison of 
bonding properties with other Group 15 and 16 ligands.   156 
 





 [CpFe(CO)2I] (0.162 g, 0.53 mmol) was dissolved in a mixture of CH2Cl2 (10 mL) and thf (1 
drop), and the resulting dark red/brown solution was added to a CH2Cl2 (10 mL) solution of 
Ag[BF4] (0.103 g 0.53 mmol) in a foil-wrapped flask. The reaction mixture was stirred for 2 
h. resulting in a red solution and pale precipitate, which was removed by filtration. A 
solution of O{(CH2)2SbMe2}2 (0.100 g, 0.27 mmol) dissolved in CH2Cl2 (10 mL) was added to 
the filtrate and after 10 min. of stirring a pale orange powder precipitated out and was 
isolated by filtration. Yield: 0.043 g, 18%. Pale orange plate-like crystals were grown from 
the filtrate from which the X-ray data were collected. Anal. Calcd. for  
C22H30B2F8Fe2O5Sb2·CH2Cl2: C, 28.0; H, 3.3. Found: C, 27.4; H, 3.0%. IR (MeCN/cm
1): 2044s, 
2000s (CO). IR (Nujol/cm
1): 2041s, 2034s, 2005s, 1993s (CO), 1080vbr (BF4). 1H NMR 
(CD3CN):  1.5 (s, [12H], MeSb), 2.4 (t, [4H], CH2Sb), 3.8 (t, [4H], CH2O), 5.3 (s, [10H], Cp). 
13C{1H} NMR (CD3CN):  0.9 (MeSb), 19.8 (CH2Sb), 67.8 (CH2O), 86.3 (Cp), 210.7 (CO). MS 
(ESI+): m/z = 817 [M + BF4]+, 365 [M]2+.  
5.4.2 [{CpFe(CO)2}2(O{(CH2)2SbPh2}2)][BF4]2 
[CpFe(CO)2I] (0.195 g, 0.64 mmol) was dissolved in a mixture of CH2Cl2 (10 mL) and thf (1 
drop), and the resulting dark red/brown solution was added to a CH2Cl2 (10 mL) solution of 
Ag[BF4] (0.125 g, 0.64 mmol) in a foil-wrapped flask. The reaction mixture was stirred for 2 
h. resulting in a red solution and pale precipitate, which was removed by filtration. A 
solution of O{(CH2)2SbPh2}2 (0.200 g, 0.32 mmol) dissolved in CH2Cl2 (10 mL) was added to 
the filtrate and the mixture stirred for 16 h. at room temperature. The solvent volume was 
reduced (to ~ 10 mL) and n-hexane (10 mL) was added, precipitating an orange solid. Yield: 
0.20 g, 54%. Anal. Calcd. for C42H38B2F8Fe2O5Sb2·2CH2Cl2: C, 40.0; H, 3.2. Found C 39.2, H, 
3.6%. IR (CH2Cl2/cm
1): 2050s, 2006s (CO). IR (Nujol/cm
1): 2044s, 2002sh, 1996s (CO), 
1080vbr (BF4). 1H NMR (CDCl3):  2.9 (t, [4H], CH2Sb), 3.6 (t, [4H], CH2O), 5.5 (s, [10H], Cp), 
7.47.6 (m, [20H], aromatic CH). 13C{1H} NMR (CDCl3): 22.1 (CH2Sb), 67.2 (CH2O), 86.3 
(Cp), 128.0, 130.9, 132.2, 135.2 (Caromatic), 209.2 (CO). MS (ESI+): m/z = 1063 [M + BF4]+.  
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5.4.3 [{CpFe(CO)2}2{S(CH2-2-C6H4SbMe2)2}][BF4]2 
Prepared similarly to [{CpFe(CO)2}2(O{(CH2)2SbPh2}2)][BF4]2, from [CpFe(CO)2I] (0.177 g, 
0.58 mmol), Ag[BF4] (0.113 g, 0.58 mmol) and S(CH2-2-C6H4SbMe2)2 (0.150 g, 0.29 mmol). 
The title compound was isolated as an orange solid by precipitation with n-hexane from a 
CH2Cl2 solution. Yield: 0.39 g, 37%. Anal. Calcd. for C32H34B2F8O4Fe2SSb2: C, 35.1; H, 3.2. 
Found: C, 35.3; H 3.0%. IR (CH2Cl2/cm
1): 2049s, 2002s (CO). IR (Nujol/cm
1): 2039s, 1998s 
(CO), 1080vbr (BF4). 1H NMR (CD2Cl2):  1.9 (s, [12H], MeSb), 3.9 (s, [4H], CH2S), 5.4 (s, 
[10H], Cp), 7.37.7 (m, [8H], aromatic CH). 13C{1H} NMR (CD2Cl2):  2.7 (MeSb), 38.1 (CH2S), 
86.0 (Cp), 129.4, 129.6, 132.0, 132.3, 135.0, 142.1 (Caromatic), 209.0 (CO). MS (ESI+): m/z = 
957 [M + BF4]+, 435 [M]2+.  
5.4.4 [{CpFe(CO)2}2{MeN(CH2-2-C6H4SbMe2)2}][BF4]2 
Prepared similarly to [{CpFe(CO)2}2(O{(CH2)2SbPh2}2)][BF4]2, using [CpFe(CO)2I] (0.212 g, 
0.70 mmol), Ag[BF4] (0.136 g, 0.70 mmol) and MeN(CH2-2-C6H4SbMe2)2 (0.15 g, 0.29 mmol). 
Reduction of solvent volume to ~ 5 mL and the addition of n-hexane (5 mL) precipitated the 
complex as a dark orange solid. Yield 0.08 g, 26%. Crystals were grown from CH2Cl2/n-
hexane (1:1) mixture in the refrigerator from which the X-ray data were collected. Anal. 
Calcd. for C33H37B2F4Fe2NO4Sb2: C, 38.1; H, 3.6; N, 1.4. Found: C, 38.6; H, 3.8; N, 1.4%. IR 
(CHCl3/cm
1):  2045s, 2001s (CO). IR (Nujol/cm
1): 2040s, 1992s (CO), 1080vbr (BF4). 1H 
NMR (CDCl3, 223 K):  1.9 (s, [12H], MeSb), 2.2 (s, [3H], MeN),  3.8 (s, [4H], CH2N), 5.4 (s, 
[10H], Cp), 7.57.9 (m, [8H], aromatic CH). 13C{1H} NMR (CDCl3, 223 K):   2.2 (MeSb), 44.7 
(MeN),  68.6 (CH2N), 86.1 (Cp), 129.5, 130.2, 131.1, 131.5, 132.3 133.7 (Caromatic), 209.7 (CO). 
MS (ESI+): m/z = 434 [M]2+.  
5.4.5 [Mn(CO)3{S(CH2-2-C6H4SbMe2)2}][CF3SO3]  
[Mn(CO)5Br] (0.08 g, 0.29 mmol) and Ag[CF3SO3] (0.075 g, 0.29 mmol) were dissolved in 
acetone (40 mL) and refluxed in the dark for 1 h. The resulting yellow solution was allowed 
to cool to room temperature, and filtered to remove the AgBr precipitate. S(CH2-2-
C6H4SbMe2)2 (0.15 g, 0.29 mmol) was added and the mixture heated at reflux for 20 min., 
then stirred at room temperature for 18 h. The volatiles were removed in vacuo, resulting in 
yellow/brown oil, which was dissolved in dichloromethane (10 mL), filtered to give a bright 
yellow solution, and then concentrated to ~ 5 mL. The addition of diethyl ether (5 mL) 
afforded a yellow precipitate which was isolated by filtration. Yield 0.05 g, 21%. The filtrate 
was stored at 4 °C (16 h), yielding yellow block shaped crystals which were used for X-ray    
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data collection. Anal. Calcd. for C22H24F3MnO6S2Sb2: C, 32.9, 3.0. Found: C, 32.3; H, 3.1%. IR 
(CH2Cl2/cm
1): 2031s, 1963m, 1953m; (Nujol/cm
1): 2020s, 1943s, 1927s. 1H NMR (CDCl3): 
 1.51 (s, [6H], MeSb) and 1.67 (s, [6H], MeSb), 3.72 (br m, [4H], CH2S), 7.3  7.6 (m, [8H], 
CHaromatic). 13C NMR (CDCl3):  1.94, 1.38 (MeSb), 42.8 (CH2S), 125.9, 130.8, 132.2, 132.4, 
132.7 and 138.5 (Caromatic), 217 (vbr CO). 55Mn NMR (CDCl3): (W½ = 3000 Hz). MS 
(ESI+): m/z = 655 [M]+, 571 [M - 3CO]+. 
5.4.6 [Mn(CO)3{MeN(CH2-2-C6H4SbMe2)2}][CF3SO3] 
[Mn(CO)5Br] (0.08 g, 0.29 mmol) and Ag[CF3SO3] (0.075 g, 0.29 mmol) were dissolved in 
acetone (40 mL) and refluxed in the dark for 1 h. The resulting yellow solution was allowed 
to cool to room temperature, and filtered to remove the AgBr precipitate. MeN(CH2-2-
C6H4SbMe2)2 (0.15 g, 0.29 mmol) was added and the mixture refluxed for 20 min., then 
stirred for 18 h. The volatile components were removed in vacuo, leaving a yellow/green oil, 
which was redissolved in dichloromethane (10 mL), filtered to give a bright yellow solution, 
and concentrated to ~ 5 mL. The addition of n-hexane (10 mL) afforded a yellow precipitate 
which was isolated by filtration. Yield 0.18 g, 77%. The filtrate was stored at 4 °C (16 h.), 
yielding yellow crystals from which the X-ray data were collected. IR (CH2Cl2/cm
1): 2023s, 
1950s, 1935s; (Nujol/cm
1): 2014s, 1935sh, 1929s. 1H NMR (CDCl3): δ 1.15*, 1.52 (br, s, 
MeSb), 2.01*, 2.83 (s, MeN), 3.48*, 4.01  4.12 (br m, CH2N), 7.3  7.8 (m, CHaromatic) (* minor 
species). 13C{1H} NMR (CD2Cl2): δ 5.4, 3.0*, 1.7*, 1.0 (MeSb), 59.0 (MeN)†, 74.9*, 76.7 
(CH2), 125.8 129.9, 130.4, 130.6, 131.6, 132.5, 133.1, 134.0, 134.8, 139.9, 140.4 (Caromatic), 
215.1, 216.2*, 218.0*, 219.6 (CO). 19F NMR (CDCl3) δ 77.0 (s), 77.8* (vbr). 55Mn NMR 
(CH2Cl2) δ 1745 (W½ = 4500 Hz). MS (ESI+): m/z = 652 [M]+, 568 [M – 3CO]+. († the second 
MeN- resonance is obscured by solvent). 
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M  903.28  1082.92  803.97  800.96 
Crystal system  monoclinic  triclinic  monoclinic  monoclinic 
Space group   P21/n (no. 14)  P-1 (no. 2)  P21/m (no. 11)  P21/n (no. 14) 
a/Å  8.0949(15)  10.5977(10)  8.7926(10)  11.2440(15) 
b/Å  14.664(3)  11.799(2)  14.589(2)  14.737(2) 
c/Å  25.465(5)  16.732(3)  11.1433(10)  17.721(3) 
α/  90  78.332(6)  90  90 
/  96.009(10)  86.814(8)  106.534(8)  107.168(10) 
γ/  90  85.261(8)  90  90 
U/Å3  3006.2(10)  2040.4(5)  1370.3(3)  2805.7(7) 
Z  4  2  2  4 
(Mo-Kα)/mm–1  2.81  2.14  2.619  2.487 
F(000)  1752  1062  780  1560 
Total no. 
reflections 
27948  36221  14910  27167 
Unique 
reflections 
5858  9355  3233  5493 
Rint  0.089  0.064  0.030  0.065 
Min., max. 
transmission 




370, 11  500, 0  175, 0  334, 0 
R1b [Io > 2(Io)]  0.084  0.084  0.025  0.062 
R1 (all data)  0.123  0.114  0.027  0.089 
wR2b [Io > 2(Io)]  0.144  0.169  0.057  0.112 
wR2 (all data)  0.162  0.188  0.059  0.126 
a Common items: temperature = 120 K; wavelength (Mo-K) = 0.71073 Å; (max) = 27.5. 
b R1 = || Fo| – |Fc||/|Fo|.  wR2 = [w(Fo2 – Fc2)2/wFo4]1/2. 
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A logical step forward from the hybrid distibine ligands discussed in Chapters 4 and 
5 is the synthesis of hybrid tristibines. Of the few known triorganostibine species, only 
MeC(CH2SbPh2)3 has been employed as a tridentate ligand towards transition metal centres, 
as discussed in Section 1.2.3, with one crystal structure having been determined, that of 
[Mo(CO)3{MeC(CH2SbPh2)3}].1 Other known tristibine species are N(CH2CH2CH2SbR2)3 (R = 
Me, Ph), for which no complexes have been reported, and 
[Cr(CO)4{MeSb(SSbMe2)2}]·[Cr(CO)4(nbd)], a serendipitous product crystallised from the 
reaction of [Cr(CO)4(nbd)] with  the distibine S(SbMe2)2 which is the result of 
rearrangement of the ligand.2, 3 The paucity of chemistry relating to polystibines is in 
contrast to the considerable coordination chemistry of polydentate phosphine and arsine 
ligands, which have been the subject of numerous studies in the last 40 years.4, 5 
The previous two chapters have described the first examples of tridentate 
coordination by hybrid distibine ligands. In this chapter, synthesis of a hybrid tristibine 
ligand and some preliminary investigations into its coordination chemistry are described. 
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6.2 Results and discussion 
6.2.1 Synthesis of N(CH2-2-C6H4SbMe2)3 
The hybrid tristibine N(CH2-2-C6H4SbMe2)3 was synthesised in a similar fashion to 
the distibine MeN(CH2-2-C6H4SbMe2)2, from the starting material N(CH2-2-C6H4Br)3 which 
was obtained as a crystalline solid via a literature preparation,6 treated with nBuLi to form 
the trilithiate, and  reacted with three equivalents of SbMe2Br (Scheme 6.1). 
 
Scheme 6.1 Synthesis of N(CH2-2-C6H4SbMe2)3 
The synthesis of this ligand was less straightforward than expected, very careful 
control of temperature and reaction conditions being necessary to obtain a pure product in 
good yield. Initial attempts in which the halostibine was added dropwise to the trilithiate 
resulted in the desired product, but in low yield and containing significant impurities, with 
several extra peaks being observed in both the MeSb and CH2N regions of the NMR spectra. 
Treatment of the crude product with MeI in an attempt to obtain the stibonium salt of the 
ligand resulted in isolation of a few crystals (~ 5% yield), which proved by X-ray structure 
determination to be the singly cyclised stibonium salt [(Me2Sb-2-C6H4CH2)N(CH2-2-
C6H4)2SbMe2]I·CH2Cl2 (Figure 6.1). The cation of this species was also the most abundant 
observed in the ESI+ mass spectrum of the methylated product. The cyclised distibine from 
which it derives is presumed to be one of the several species observed in the NMR spectra, 
the inequivalence of both CH2N and MeSb groups within this and other possible by-
products making spectra complex and hence spectroscopic identification of individual 
species difficult. 168 
 
 
Figure 6.1 View of the structure of [(Me2Sb-2-C6H4CH2)N(CH2-2-C6H4)2SbMe2]+ with 
atom numbering scheme. Ellipsoids are drawn at the 50% probability level and H 
atoms are omitted for clarity. 
Table 6.1 Selected bond lengths (Å) and angles (°) for [(Me2Sb-2-C6H4CH2)N(CH2-2-
C6H4)2SbMe2]+. 
Sb1-C5     2.109(5) 
Sb1-C12    2.108(5) 
Sb1-C1     2.116(5) 
Sb1-C2     2.134(5) 
Sb2-C3     2.154(6) 
Sb2-C4     2.172(6) 
Sb2-C19    2.188(6) 
N1-C18     1.470(6) 
N1-C11     1.469(6) 
N1-C25     1.498(6) 
Sb1···N1    2.565(4) 
C5-Sb1-C12    115.18(18) 
C5-Sb1-C1    117.6(2) 
C1-Sb1-C2    102.4(2) 
C5-Sb1-N1    73.43(16) 
C12-Sb1-N1    73.63(16) 
C1-Sb1-N1    87.12(18) 
C2-Sb1-N1    170.41(19) 
C3-Sb2-C4    94.8(3) 
C3-Sb2-C19    94.8(2) 
C4-Sb2-C19    93.7(2) 
 
 
A short hypervalent interaction (Sb···N = 2.565(4) Å) is present between the 
stibonium centre and the N atom. The cyclic part of the molecule is reminiscent of 
azastibocines reported in the literature, the increased number of substituents on the stibine 
resulting in only a very small increase in the length of the hypervalent contact (e.g. Sb···N =    
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2.538(3) Å in MeN(CH2-2-C6H4)2SbCCPh).7 Cyclised by-products have also been observed in 
the preparations of S(CH2-2-C6H4SbMe2)2  and MeN(CH2-2-C6H4BiMe2)2, though in small 
quantities. There are two possible explanations for this cyclisation. Either it is the result of 
intramolecular attack of the aryllithium on an already bonded –SbMe2 moiety, which would 
be promoted by the stibine being the limiting reagent, or it is due to the presence of some 
SbMeBr2 in the reaction mixture. 1H NMR spectroscopy of an aliquot of the SbMe2Br 
solution immediately prior to the reaction demonstrated its purity, however in Chapter 2 
the propensity for disproportionation of SbMe2X into SbMeX2 and SbMe3 in the presence of 
Lewis bases was observed. It is possible that upon addition of the toluene solution of 
SbMe2Br to the thf solution of the trilithiate, the donor solvent promotes disproportionation, 
the resultant SbMeBr2 then acting as an agent for cyclisation. Whichever mechanism is 
responsible, the greater rate of cyclisation compared to the distibine or disbismuthine 
species can be attributed to the increased number of substitutions taking place 
simultaneously in this reaction. In an effort to prevent this competing cyclisation, the 
reaction was carried out at low temperatures, and the trilithiate (-78 °C) was carefully 
transferred by cannula into the flask containing the halostibine (0 °C), instead of vice versa. 
This both increases the effective concentration of stibine and minimises the concentration 
of thf at a given point in the reaction. The result was isolation of N(CH2-2-C6H4SbMe2)3 as a 
viscous, colourless oil in far greater yield and purity than from the initial route.  
1H NMR spectroscopy shows two sharp singlets in a 3:1 ratio corresponding to the 
MeSb and CH2N groups respectively, as well as four clearly resolved multiplets in the 
aromatic region. The 13C{1H} NMR spectrum has a single MeSb resonance below 0 ppm, as is 
characteristic of C directly bonded to a heavy atom, as well as one CH2N resonance and six 
aromatic carbons. The ligand is air sensitive, and its consistency made it difficult to handle. 
In an effort to isolate a solid, stable stibonium salt, MeI was added to a solution of the ligand 
in MeCN, resulting in the precipitation of a white solid. The ESI+ mass spectrum shows both 
the doubly and singly methylated product, with no peak observable for a triply methylated 
species. Several peaks corresponding to derivatives of the cyclised product are also 
observed, as well as fragmentation products in which one or more -SbMe2 groups have been 
cleaved. The 1H NMR spectrum of this solid is very complex, with multiple resonances in 
each of the methylstibine, methylstibonium and CH2N regions, suggesting that methylation 
of the ligand results in a mixture of products, many of which are presumably species 
identified in the mass spectrum. The isolation of a pure sample of any methylated derivative 
of the ligand was not possible. 
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6.2.3 Transition metal complexes of N(CH2-2-C6H4SbMe2)3 
A preliminary investigation of the coordination chemistry of this hybrid tristibine 
ligand with transition metals was undertaken. Below are presented the initial results of 
these studies, the aims of which were to establish the possible coordination modes of this 
ligand. The goal of tetradentate coordination was particularly at the forefront, being thus 
far unknown for Sb containing ligands. 
6.2.3.1 fac-[Mn(CO)3{N(CH2-2-C6H4SbMe2)3}][CF3SO3] 
Stirring of the precursor [Mn(CO)3(OCMe2)3][CF3SO3] with N(CH2-2-C6H4SbMe2)3 in 
acetone solution resulted in the formation of fac-[Mn(CO)3{N(CH2-2-C6H4SbMe2)3}][CF3SO3], 
isolated after workup  as a bright orange powder. Spectroscopic and structural analyses 
show that the three Sb donors of the ligand are facially coordinated to the Mn centre, each 
trans to a CO group, with the central tertiary amine uncoordinated. 
The solution IR spectrum for this species displays two main bands in the CO 
stretching region, as expected for a species with essentially C3v symmetry, though a third 
small peak could be the result of the ligand backbone conformation lowering the symmetry. 
Three bands are also seen in the solid state IR spectrum. Table 6.2 summarises 
spectroscopic data for all the complexes of the form [Mn(CO)3(L3)][CF3SO3] which have 
been described in this work, taken from Chapters 3, 5 and 6. The IR bands of the tristibine 
complex are to low frequency of those in the other three complexes, indicating that the σ-
donor/π-acceptor ratio is the highest for the Sb3 donor set in this ligand compared to the 
halostibine or hybrid Sb2S and Sb2N donor sets. 
Table 6.2 Selected spectroscopic and structural data for [Mn(CO)3(L3)][CF3SO3]. 



















224.7  -1381  2.5705(5), 
2.5852(5), 
2.5932(4) 




217.0  -1418  2.5716(4) 




219.6  -1745  2.5629(14), 
2.5663(13) 




218.9  -1765  2.586(2), 
2.599(2), 
2.584(2)    
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The 1H NMR spectrum shows two peaks of equal integration corresponding to the 
MeSb protons, more than 1 ppm apart. This splitting arises from an inequivalence of the 
two MeSb groups on each arm of the ligand. Two doublets are observed for the protons of 
the CH2N moieties, in this case the difference being 0.75 ppm. The 13C{1H} NMR spectrum 
shows two peaks in the MeSb region, but only one corresponding to CH2N. These NMR 
resonances of the ligand backbone are further discussed with reference to the crystal 
structure, below. In the CO region of the 13C{1H} NMR spectrum, a broad peak was observed 
(Figure 6.2), which when closely examined appeared to be split into six evenly spaced, 
overlapping peaks of roughly equal intensity. The intensity of these peaks is modest in 
comparison to baseline noise, but the observation is reproducible, leading us to postulate 
that they are the result of 55Mn-13C coupling, with a coupling constant of ~154 Hz. This is 
not unreasonable, given the observation of 55Mn-13C coupling in manganese isocyanides 
[Mn(CNR)6][BF4] with coupling constants of 111-121 Hz,8 though it does seem surprising 
that these couplings can be resolved when the symmetry of the Mn environment is reduced 
by the presence of two different ligand types.  
 
Figure 6.2 Carbonyl region of the 13C{1H} NMR spectrum (100.6 MHz) of  
fac-[Mn(CO)3{N(CH2-2-C6H4SbMe2)3}][CF3SO3] in CD2Cl2 solution. 172 
 
The 55Mn NMR spectrum of this complex contains a very sharp singlet at -1765 ppm 
(Figure 6.3), confirming that the Mn atom is in a much more symmetrical coordination 
environment than it is in other Mn complexes described in this work, for which the 55Mn 
resonances had considerably greater line widths arising from the expected rapid 
quadrupolar relaxation. The chemical shift is considerably lower than those observed for 
fac-[Mn(CO)3(SbMe2Br)3][CF3SO3] (-1381 ppm) or fac-[Mn(CO)3{S(CH2-2-C6H4SbMe2)2}] 
[CF3SO3] (-1418 ppm), demonstrating the superior σ-donor ability of the SbMe2Ar donor 
moieties compared to SbMe2Br or thioether donors. The shift is comparable with that of 
[Mn(CO)3{MeN(CH2-2-C6H4SbMe2)2}][CF3SO3] (-1745 ppm), the replacement of a stibine 
with an amine seemingly having only a small effect on the electronic environment of the Mn 
centre.  
  
Figure 6.3 55Mn NMR spectrum (99.0 MHz) of fac-[Mn(CO)3{N(CH2-2-





Figure 6.4 View of the structure of [Mn(CO)3{N(CH2-2-C6H4SbMe2)3}]+ showing the 
atom labelling scheme. Ellipsoids are drawn at the 50% probability level and H atoms 
are omitted for clarity.  
Table 6.3 Selected bond lengths (Å) and angles (°) for [Mn(CO)3{N(CH2-2-C6H4SbMe2)3}]+ 
Sb3-Mn1    2.5835(16) 
Sb1-Mn1    2.5991(16) 
Sb2-Mn1    2.5862(17) 
Mn1-C29    1.798(12) 
Mn1-C28    1.800(11) 
Mn1-C30    1.800(12) 
 
C29-Mn1-Sb3    85.9(3) 
C28-Mn1-Sb3    87.0(3) 
C30-Mn1-Sb3    177.6(4) 
C29-Mn1-Sb2    176.5(3) 
C28-Mn1-Sb2    84.3(3) 
C30-Mn1-Sb2    86.9(4) 
Sb3-Mn1-Sb2    95.42(5) 
C29-Mn1-Sb1    88.2(3) 
C28-Mn1-Sb1    178.4(3) 
C30-Mn1-Sb1    84.6(3) 
Sb3-Mn1-Sb1    94.44(5) 
Sb2-Mn1-Sb1    94.84(5) 
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The complex was recrystallised from toluene and chloroform, with one molecule of 
each being present in the asymmetric unit, though the toluene displays considerable 
disorder. Examination of the structure of the cation shows an approximately three-fold 
symmetry about the Mn—N axis (Figure 6.4). Despite the uncoordinated nature of the N 
donor, the backbone of the ligand is fixed in a propeller-like geometry by the tridentate 
coordination. Though the sense of the propeller could be reversed by rotation at each of the 
CH2 centres, this process is likely to be very slow as intermediates with one arm in a 
different sense to the other two would be sterically disfavoured due to proximity of the aryl 
moieties. As a result, each molecule of this complex can be considered to be chiral, though 
in the unit cell of the crystal structure (space group P21/c) there are equal numbers of 
molecules with each sense of chirality. This rigidity of the backbone explains the splitting 
observed in the NMR spectra. The SbMe group on the ligand side of the Sb3 plane faces 
directly towards the π-cloud of the aryl ring on a neighbouring arm. It is likely that this 
causes a shielding of these protons, resulting in the shift to low frequency of their 1H NMR 
resonance compared to that in the free ligand. The other MeSb group which is on the Mn 
side of the Sb3 plane is held away from the aryl groups, and hence for these protons a shift 
to high frequency compared to the free ligand is observed, resulting from coordination by 
the Sb atom. Though the three CH2 groups are equivalent to one another, giving only one 
resonance in the 13C{1H} NMR spectrum, the two protons of each are fixed in different 
environments, one facing outwards and the other inwards towards the Mn centre, 
explaining their separate resonances in the 1H NMR spectrum. 
The three Sb-Mn distances in this structure are within a narrow range, and are 
similar to those in other Mn(I) tricarbonyl complexes discussed in this thesis (Table 6.2). 
The central amine moiety is roughly equidistant from each of the Sb atoms (Sb···N = 
3.521(8), 3.601(7) and 3.573(7) Å) and these distances are similar to the sum of the Van 
der Waals radii of Sb and N (3.55 Å),9 meaning no hypervalent interactions are present 
between the amine and any of the Sb atoms. It is likely that within the locked conformation 
of the ligand which arises from tridentate coordination, close approach of N to one or more 
Sb atoms would be disfavoured as it would introduce too much strain into the ligand 
backbone. 
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6.2.3.2 Complexes with Cu(I) fragments 
Combination of [Cu(MeCN)4][BF4] and N(CH2-2-C6H4SbMe2)3 in CH2Cl2 leads to 
isolation of [Cu{N(CH2-2-C6H4SbMe2)3}][BF4] as a white powder. Solid state IR spectroscopy 
shows a band corresponding to the t2 stretching mode of the BF4, with no bands 
corresponding to MeCN. 
The 63Cu NMR spectrum displays a single, quite broad resonance at -142 ppm (w½ = 
3200 Hz). A 63Cu NMR study of homoleptic Cu(I) complexes with group 15 ligands 
concluded that there were two causes of line broadening in these spectra.10 The first is 
reversible dissociation of the ligands in solution from the labile d10 Cu(I) metal centre, a 
phenomenon which becomes less prevalent as group 15 is descended. The second is fast 
relaxation of the quadrupolar 63Cu nucleus (I = 3/2, 69.09%, Ξ = 26.5 MHz, Q = -0.22 10-28 
m2),11 which is fastest in low symmetry coordination environments. The presence of 
bonded quadrupolar 75As, 121Sb or 123Sb nuclei also provides an additional scalar relaxation 
mechanism for 63Cu, increasing line broadening. No 63Cu resonances were observed for the 
Cu(I) complexes of the hybrid ligands o-C6H4(PMe2)(EMe2) (E = As, Sb), presumably due to 
low symmetry coordination environments.10 The observation in [Cu{N(CH2-2-C6H4SbMe2)3}] 
[BF4] of a clear NMR signal for the quadrupolar 63Cu nucleus suggests that the Cu centre has 
a small electric field gradient, likely to be the result of a high symmetry environment which 
we can postulate to be tetrahedral, resulting from tetradentate coordination of the ligand 
via a Sb3N donor set. The 63Cu NMR spectroscopic chemical shifts move towards low 
frequency as ligands are varied down Group 15, as well as when replacing alkyl with aryl 
substituents on the Group 15 atom. The chemical shift of  [Cu{N(CH2-2-C6H4SbMe2)3}][BF4] 
is at higher frequency than that of [Cu{Me2Sb(CH2)3SbMe2}2][BF4] (-167 ppm), but lower 
frequency than that of [Cu(SbMe3)4][BF4] (-6 ppm)or [Cu(py)4][ClO4] (110 ppm).10, 11 
Tetradentate coordination would lead to locking of the ligand conformation, two 
environments for the MeSb groups are expected as well as two environments for the CH2N 
protons. In the 1H NMR spectrum a set of two extremely broad peaks with 1:1 integration 
are seen in the region corresponding to each, the relative integrations of these two sets of 
peaks being 3:1. The severe broadening is likely to be due to reversible dissociation in 
solution of the ligand.  Conversely, the 13C{1H} NMR spectrum is fairly well resolved, with 
one broad peak corresponding to MeSb, a single peak corresponding to CH2N, and five 
observable aromatic resonances, the sixth, presumably SbCaromatic, being unobservably 
broad in this case due also to reversible dissociation of the Sb donor moieties from the 
metal centre. Variable temperature NMR studies are required to confirm this, improved 
resolution of the ligand resonances being expected at lower temperatures, though these 
measurements are yet to be carried out due to instrument constraints. The major peak in 176 
 
the ESI+ mass spectrum corresponds to [Cu{N(CH2-2-C6H4SbMe2)3}]+, the complex isotope 
pattern being highly diagnostic due to the presence of Sb and Cu which both have two 
abundant isotopes. 
In order to confirm the tetradentate coordination suggested by the spectroscopy of 
this compound, a crystal structure is desirable. Despite repeated recrystallisation attempts, 
no crystals of suitable quality for X-ray studies could be grown, the compound always being 
precipitated as a fine powder. One crystallisation attempt, storage of the reaction mixture at 
8 °C over a period of weeks, resulted in the isolation of a few colourless crystals, amongst 
which were visible two separate morphologies. X-ray structure determination proved 
needle like crystals to be [Cu3Br2{N(CH2-2-C6H4SbMe2)3}2][BF4]·1.5CH2Cl2, whereas block 
shaped crystals were [Cu4Br4{N(CH2-2-C6H4SbMe2)3}2]·4CH2Cl2. Both of these Cu(I) species 
were formed as very minor products, with the Br atoms thought to originate from a small 
amount of LiBr remaining as an impurity from the ligand preparation. The ligand was 
redissolved in CH2Cl2 and filtered once again. There was no evidence for formation of either 
of these species in subsequent preparations of [Cu{N(CH2-2-C6H4SbMe2)3}][BF4] using the 
purified ligand. To allow full characterisation, [Cu4Br4{N(CH2-2-C6H4SbMe2)3}2] was re-
made via a direct route as described below. 
 
Figure 6.5 View of the structure of [Cu3Br2{N(CH2-2-C6H4SbMe2)3}2]+ with atom 
numbering scheme. Ellipsoids are drawn at the 50% probability level and H atoms are 
omitted for clarity. Symmetry operation a = 1 - x, 1 - y, 1 - z.    
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Table 6.4 Selected bond lengths (Å) and angles (°) for [Cu3Br2{N(CH2-2-C6H4SbMe2)3}2]+ 
Sb1-Cu1    2.5440(14) 
Sb2-Cu1    2.5388(14) 
Sb3-Cu1    2.5378(16) 
Br1-Cu2    2.2665(13) 
Br1-Cu1    2.5373(16) 
Cu1···Cu2    2.6900(17) 
 
Cu2-Br1-Cu1    67.84(5) 
Br1-Cu1-Sb3    102.73(6) 
Br1-Cu1-Sb2    118.70(5) 
Sb3-Cu1-Sb2    107.01(4) 
Br1-Cu1-Sb1    113.06(5) 
Sb3-Cu1-Sb1    106.80(4) 
Sb2-Cu1-Sb1    107.67(6) 
Br1-Cu1···Cu2    51.29(3) 
Sb3-Cu1···Cu2    153.66(5) 
Sb2-Cu1···Cu2    86.06(3) 
Sb1-Cu1···Cu2    90.06(3) 
Br1-Cu2···Cu1    60.87(4) 
 
The structure of [Cu3Br2{N(CH2-2-C6H4SbMe2)3}2][BF4]·CH2Cl2 contains a disordered 
[BF4]- anion which was modelled over two positions, though residual electron density is still 
observed in this area, suggesting further disorder that cannot be satisfactorily modelled. 
The cation is well resolved, and contains a centrosymmetric Cu3Br2 core, with a centre of 
inversion at Cu2 (Figure 6.5). The terminal Cu1 is coordinated by one ligand via three Sb 
groups, with the Br bridge completing the pseudo-tetrahedral coordination geometry. The 
uncoordinated N is held 3.682(7) Å from Cu1, roughly opposite the Br substituent 
(N···Cu1-Br = 169.6(1)°), and fairly central to the three Sb atoms, the distance from each 
being just above the sum of the Van der Waals radii (Sb···N =3.580(8), 3.676(6) and 3.601(8) 
Å, ΣVdW = 3.55 Å), meaning there are no hypervalent interactions. The propeller type 
conformation of the ligand is similar to that seen in fac-[Mn(CO)3{N(CH2-2-C6H4SbMe2)3}] 
[CF3SO3], though the difference in coordination geometry between the pseudo-tetrahedral 
Cu and the pseudo-octahedral Mn means the bite angle of the ligand is different (mean Sb-
Cu-Sb = 107.2°, Sb-Mn-Sb = 94.9°). It is also notable that, due to the presence of an 
inversion centre, the two ligands in each molecule are twisted in opposite senses, meaning 
there is no chirality of the molecule as a whole. Cu2 is also in the Cu(I) oxidation state, but is 
in a linear coordination environment between the two bridging Br atoms. The angle Cu1-
Br-Cu2 is very acute (67.84(5)°), meaning the Cu1-Cu2 distance is short (2.6900(17) Å), a 
common phenomenon in polynuclear Cu(I) species. This should not be viewed as a Cu-Cu 
bond, as Cu(I) has a closed shell electronic configuration, but could be the result of a type of 
attractive dispersion interaction which has been termed ‘cuprophilicity’.12 178 
 
The second serendipitously isolated species, [Cu4Br4{N(CH2-2-C6H4SbMe2)3}2], was 
subsequently prepared directly by stirring of CuBr and N(CH2-2-C6H4SbMe2)3 in a 2:1 ratio 
in CH2Cl2 solution. Because spectroscopic probes for these species are limited, single crystal 
X-ray data was collected to identify crystals grown from this route. The unit cell was 
different from that of the earlier obtained [Cu4Br4{N(CH2-2-C6H4SbMe2)3}2]·4CH2Cl2, and the 
structure was determined to be [Cu4Br4{N(CH2-2-C6H4SbMe2)3}2], the same complex with 
almost identical structure but without the solvating CH2Cl2 molecules. The bond lengths and 
angles in the two structures are very similar, and are collected in Table 6.5. Figure 6.6 
shows the structure of the unsolvated complex.
 
Figure 6.6 View of the structure of [Cu4Br4{N(CH2-2-C6H4SbMe2)3}2] with atom 
numbering scheme. Ellipsoids are drawn at the 50% probability level and H atoms are 
omitted for clarity. Symmetry operation: a  = 1/2 – x, 3/2 – y, 1 – z. 
The molecule comprises a central Cu2Br4 unit with trigonal planar Cu(I) centres 
which is structurally comparable with the well known [Cu2Br4]2- anion, but the two outer Br 
atoms, instead of being terminal, are each bridging to a pseudo-tetrahedral [Cu{N(CH2-2-
C6H4SbMe2)3}]+ unit. The two central Cu atoms also share two bridging Br atoms, the Cu···Cu 
distance between them being the only distance for which the difference between the 
solvated and non-solvated structures (0.056 Å) is statistically significant. If the proximity of 
the two Cu atoms is due to cuprophilic interactions, the presence of solvent molecules could 
be seen to reduce the energy of these interactions by altering the dispersion forces on the 
metal centres. In both cases the Cu···Cu distance is shorter than those between the singly Br 
bridged Cu centres in [Cu3Br2{N(CH2-2-C6H4SbMe2)3}2]+. The terminal Cu{N(CH2-2-
C6H4SbMe2)3} moieties have comparable geometries and bond distances in all three 




Table 6.5 Selected bond lengths (Å) and angles (°) for the [Cu4Br4{N(CH2-2-C6H4SbMe2)3}2] 
unit in [Cu4Br4{N(CH2-2-C6H4SbMe2)3}2] (left) and [Cu4Br4{N(CH2-2-C6H4SbMe2)3}2]·4CH2Cl2 
(right). 
Sb1-Cu1  2.5190(8)   2.5246(9) 
Sb2-Cu1  2.5134(9)   2.5352(8) 
Sb3-Cu1  2.5300(7)   2.5226(8) 
Br1-Cu2  2.3419(9)   2.3510(10) 
Br1-Cu1  2.4253(8)   2.4556(11) 
Br2-Cu2  2.4027(9)   2.4057(11) 
Br2-Cu2a  2.4297(9)   2.4169(11) 
Cu2···Cu2a  2.5763(12)   2.6321(14) 
 
Cu2-Br1-Cu1    99.31(3)   101.06(3) 
Cu2-Br2-Cu2a    64.43(3)   66.16(4) 
Br1-Cu1-Sb2    117.10(3)   113.42(3) 
Br1-Cu1-Sb1    110.38(3)   112.88(3) 
Sb2-Cu1-Sb1    106.86(3)   107.73(3) 
Br1-Cu1-Sb3    105.36(3)   105.41(3) 
Sb2-Cu1-Sb3    110.08(3)   109.59(3) 
Sb1-Cu1-Sb3    106.64(3)   107.63(3) 
Br1-Cu2-Br2    124.06(3)   125.66(4) 
Br1-Cu2-Br2a    120.33(3)   120.49(4) 
Br2-Cu2-Br2a    115.57(3)   113.84(4) 
Br1-Cu2···Cu2a  176.93(4)   177.08(5) 
 
Similar halocuprate oligomers in which the terminal Cu atoms are coordinated by 
neutral ligands have been reported, for example the mixed valence [Cu(II)(4,4’-Me2-2,2’-
bipy)2(µ-Br)Cu(I)(µ-Br)2Cu(I)Br], which contains a central Cu2Br4 unit geometrically 
comparable to the core of [Cu4Br4{N(CH2-2-C6H4SbMe2)3}2], though in this case it is only 
capped at one end.13 Another mixed valence species with very similar geometry is 
[Cu(II)Br(C33H43N3)]2[Cu(I)2Br4] which, like [Cu4Br4{N(CH2-2-C6H4SbMe2)3}2], is capped at 
both ends by coordinated Cu moieties, except that the Cu(II)-Br distance of 2.689(2) Å is 
long enough for this to be considered as an associated ion pair.14 The Cu(I)···Cu(I) distance 
of 2.601(2) Å in the latter species is the shortest in the cambridge crystallographic Database 
for a Cu2Br4 unit of this type, either as a free or coordinated anion, but the corresponding 
distance in the non-solvated structure of [Cu4Br4{N(CH2-2-C6H4SbMe2)3}2] reported here is 
shorter than this at 2.5763(12) Å, making it shorter than any previously reported. 
The isolation of finite chains or clusters of halide-bridged Cu(I) atoms within more 
complex systems is common. Many polynuclear halocuprate anions have been reported, 
and it has been observed that the nature of the cation affects the conformation of these 
anions in the solid state.15 Bulky cations give rise to discrete anions with varying 
stoichiometries, Cu(I) coordination numbers and geometries, whereas smaller cations allow 
formation of polymeric anions in which the Cu(I) centre is usually four coordinate. Despite 180 
 
the wide array of structural types observed for halocuprates in the solid state, studies have 
shown that these conformations are not retained in solution, extensive dissociation to 
simple anions generally being observed.16 It seems likely that the bulky nature of the 
[Cu{N(CH2-2-C6H4SbMe2)3}]+ moiety is what causes the crystallisation of species containing 
discrete polynuclear Cu(I) bromide cores, but it is unlikely that the structure of these cores 
is retained in solution.  
The peaks in the 1H NMR spectrum of [Cu4Br4{N(CH2-2-C6H4SbMe2)3}2] are 
extremely broad, with two pairs of resonances which can be assigned to MeSb and CH2N. 
Peaks are observed in the 13C{1H} NMR spectrum for the CH2N moiety, which as for the 
other complexes is shifted just a few ppm to high frequency of the free ligand, and the six 
aromatic C atoms, though none could be discerned for MeSb. The 63Cu NMR spectrum 
showed one extremely broad hump, which could not be confidently assigned, 
unsurprisingly considering the low symmetry environments of both Cu(I) centres and the 
likelihood not only of reversible ligand dissociation, but also dissociation of the Cu4Br4 core 
in solution. ESI mass spectrometry has been previously employed to probe the nature of 
halocuprate ions in solution.16 The main peak in the high resolution ESI+ spectrum of 
[Cu4Br4{N(CH2-2-C6H4SbMe2)3}2] is [CuL]+ (L = N(CH2-2-C6H4SbMe2)3), but lower intensity 
peaks can also be observed for aggregates [CunBr(n-1)L2]+ (n = 2-5). This suggests the 
existence of a mixture of species in solution, but gives no information about the ratio of 
these species or the presence of neutral species. 




A rare example of a hybrid tristibine ligand has been synthesised in good yield, after 
careful design of the synthetic conditions to minimise the formation of unwanted by-
products. The coordination chemistry of this ligand with transition metal species is under 
investigation. Three complexes in which the ligand is coordinated in a tridentate manner 
via an Sb3 donor set have been crystallographically characterised. None of these complexes 
show any evidence of hypervalent interactions between the amine moiety and the Sb atoms, 
though in one species a very short Cu(I)···Cu(I) distance has been observed in the solid 
state. [Cu{N(CH2-2-C6H4SbMe2)3}] [BF4], in which the ligand is believed to be behaving in a 
tetradentate manner, has also been characterised. Work is ongoing to isolate further 
complexes featuring this coordination mode, no other examples of tetradentate 
coordination by Sb containing ligands having been reported. Investigation of the possible 
bridging modes of this ligand would also be of interest, especially as this may increase the 
likelihood of hypervalent interactions being observed. The potential for exploitation of the 
chelate effect could make this ligand a good candidate for the investigation of the little 
explored coordination of Sb donor ligands to harder, high oxidation state transition metal 
centres. With all of these goals in mind, coordination of this ligand to a variety of other 
transition metal fragments should give rise to chemistry which will be of considerable 
future interest. 
The only polybismuthines known are a series of m- and p-phenylene bridged 
oligomeric and dendritic species, which are unsuitable for use as polydentate ligands.17 
However, considering the viability of the hybrid dibismuthines which have recently been 
synthesised in our laboratory, it seems not unreasonable to believe that under the right 
conditions a hybrid tribismuthine analogous to the tristibine described in this chapter could 
be prepared. Such a ligand would be of considerable interest, especially given the challenge 
of coordinating more than one Bi donor to the same transition metal centre, a challenge 
which could potentially be overcome by use of a chelating, polydentate bismuthine ligand 
such as this.   182 
 





A solution of SbMe2Ph (3.73 g, 16.3 mmol) in toluene (300 mL) was flushed with HBr gas 
for 15 min. The resulting solution was allowed to stir in a sealed atmosphere for 30 min. 
followed by purging with a stream of N2 gas for 20 h., then cooled to 0 °C. A thf (250 mL) 
solution of N(CH2-2-C6H4Br)3 (2.67 g, 5.10 mmol) was cooled to -78 °C and nBuLi (1.6 M in 
hexane, 9.56 mL, 15.3 mmol) added dropwise. The resulting pink solution was stirred for 
10 min., then added slowly to the cooled, stirring solution of SbMe2Br. The reaction mixture 
was allowed to stir for 18 h., then degassed, deionised water (100 mL) added slowly. The 
organic layer was separated and the aqueous layer washed with Et2O (40 mL) and the 
combined organics were dried over MgSO4, filtered, and the volatiles removed in vacuo to 
give a sticky, opaque white oil. This crude product was redissolved in CH2Cl2, filtered 
through Celite® to remove a small amount of insoluble white powder, and the volatiles 
removed in vacuo, yielding a sticky clear oil. Yield 3.11 g, 82%. 1H NMR (CDCl3): 0.89 (s, 
[18H], MeSb), 3.80 (s, [6H], CH2N), 7.21 (dt, [3H]), 7.30 (dt, [3H]), 7.48 (dd, [3H]) and 7.62 
(dd, [3H]) (aromatic CH). 13C{1H} NMR (CDCl3): 1.6 (MeSb), 60.5 (CH2N), 127.2, 128.2, 
129.3, 133.4, 138.5 and 144.4 (Caromatic). 
A small portion of the product was dissolved in MeCN, treated with an excess of MeI and 
allowed to stir for 5 h. The volatiles were then removed in vacuo leaving a white solid 
residue. MS (ESI+): m/z = 754 [N(CH2-2-C6H4SbMe2)2(CH2-2-C6H4SbMe3)]+, 604 
[N(CH2C6H5)(CH2-2-C6H4SbMe2)(CH2-2-C6H4SbMe3)]+, 588 [(Me2Sb-2-C6H4CH2)N(CH2-2-
C6H4)2SbMe2]+, 452 [N(CH2C6H5)2(CH2-2-C6H4SbMe3)]+, 436 [(C6H5CH2)N(CH2-2-
C6H4)2SbMe2]+, 420 [N(CH2-2-C6H4)3SbMe]+, 384.5 [N(CH2-2-C6H4SbMe2)(CH2-2-
C6H4SbMe3)2]2+, 309.5 [N(CH2C6H5)(CH2-2-C6H4SbMe3)2]2+, 301.5 [(Me3Sb-2-C6H4CH2)N(CH2-
2-C6H4)2SbMe2]2+. 
[Mn(CO)3{N(CH2-2-C6H4SbMe2)3}][CF3SO3] 
A mixture of [Mn(CO)5Br] (0.074 g, 0.27 mmol) and Ag[CF3SO3] (0.069 g, 0.27 mmol) was 
refluxed for 1½ h. in acetone solution (30 mL). The resultant yellow solution was filtered to 
remove the off white precipitate, and a solution of N(CH2-2-C6H4SbMe2)3 (0.20 g, 0.27 mmol) 
in CH2Cl2 (5 mL) added. The reaction mixture was stirred for 18 h. resulting in a clear 
orange solution. The volatile components were removed in vacuo resulting in a bright 
orange oil. Trituration with Et2O (15 mL) gave a bright orange solid which was isolated by 
filtration. Yield 0.135 g, 49%. Recrystallisation from toluene/CHCl3 (18 °C, 72 h.) gave 184 
 
orange/yellow crystals which were used for the X-ray data collection. Required for 
C31H36F3MnNO6SSb3: C, 36.2; H, 3.5; N, 1.4. Found: C, 36.4; H, 4.3; N, 1.5%. IR (CH2Cl2/cm
1): 
2015s, 1943m, 1911w (CO). IR (Nujol/cm
1): 2006s, 1934sh, 1926s. 1H NMR (CD2Cl2): 
0.51 (s, [9H], MeSb), 1.56 (s, [9H], MeSb), 3.05 (d, [3H], CH2N), 3.80 (d, [3H], CH2N), 7.4-
7.8 (m, [12H], aromatic CH). 13C{1H} NMR (CDCl3): 0.0 and 1.5 (SbMe), 63.1 (CH2N), 130.2, 
131.8, 132.1, 134.4, 134.7 and 143.1 (Caromatic), 218.9 (6 peaks, 1JMnC ≈ 154 Hz). 55Mn NMR 
(CH2Cl2/CDCl3): -1765. (ESI+): m/z = 878 [M]+, 850 [M-CO]+. 
[Cu{N(CH2-2-C6H4SbMe2)3}][BF4] 
[Cu(MeCN)4][BF4] (0.063 g, 0.20 mmol) was dissolved in CH2Cl2 (20 mL) and a solution of 
N(CH2-2-C6H4SbMe2)3 (0.15 g, 0.20 mmol) in CH2Cl2 (10 mL) added. The reaction mixture 
was stirred for 18 h. resulting in a cloudy colourless solution, which was filtered and the 
reduced in vacuo to ~5 mL. Et2O (15 mL) was added, precipitating a white solid which was 
isolated by filtration and washed with Et2O (5 mL). Yield 0.09 g, 50%. Required for 
C27H36BCuF4NSb3: C, 36.4; H, 4.1; N, 1.6. Found: C, 37.4; H, 4.3; N, 1.5%. IR (Nujol/cm
1): 
1057vbr (BF4). 1H NMR (CDCl3): 0.47 (vbr, [9H], MeSb), 1.34 (vbr, [9H], MeSb), 3.34 (vbr, 
[3H], CH2N), 3.86 (vbr, [3H], CH2N), 7.35-7.52 (m, [12H], CH aromatics). 13C{1H} NMR 
(CDCl3): 3.0 (MeSb), 64.6 (NCH2), 129.1, 129.5, 133.1, 133.9, 133.1 and 140.8 (Caromatic). 
63Cu NMR (CDCl3):-142 (W½ = 3200 Hz). MS (ESI+): m/z = 804 [M]+. 
[Cu4Br4{N(CH2-2-C6H4SbMe2)3}2] 
CuBr (0.058 g, 0.40 mmol) was suspended in CH2Cl2 (20 mL) and a solution of N(CH2-2-
C6H4SbMe2)3 (0.15 g, 0.20 mmol) in CH2Cl2 (10 mL) added. The mixture was stirred for 18 h. 
and the resultant slightly cloudy, colourless solution was filtered. The filtrate was reduced 
in volume to ~5 mL and Et2O (15 mL) was added, precipitating a flocculant white solid 
which was isolated by filtration and washed with Et2O (5 mL). Yield 0.12 g, 58%. Colourless 
block shaped crystals grew from the filtrate over 2 days, which were used for the X-ray data 
collection. Required for C27H36Br2Cu2N1Sb3: C, 31.6; H, 3.5; N, 1.4. Found: C, 31.9; H, 3.2; N, 
1.7%. 1H NMR (CDCl3): 0.33 (vbr, [9H], SbMe), 1.17 (vbr, [9H], SbMe), 3.03 (vbr, [3H], 
CH2N), 3.81 (vbr, [3H], CH2N), 7.28-7.36 (m, [9H], aromatic CH), 7.52-7.54 (m, [3H], 
aromatic CH). 13C{1H} NMR (CD2Cl2): 63.4 (NCH2), 129.0, 129.5, 134.0, 134.7, 136.7 and 
142.8 (Caromatic).MS (HR ESI+): m/z = 2116 [M + Cu]+, 1972 [M -Br]+, 1829 [M -Cu -2Br]+, 
1687 [M -2Cu -3Br]+, 804 [Cu{N(CH2-2-C6H4SbMe2)3}]+. 
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Formula  C26H32Cl2INSb2  C39H45Cl3F3MnNO6SSb3  C55.5H75BBr2Cl3Cu3F4
N2Sb6 
M  799.83  1239.36  2044.27 
Crystal system  triclinic   monoclinic  monoclinic 
Space group  P-1 (no. 2)  P21/c (no. 14)  P21/c (no. 14) 
a/Å  9.6461(13)  16.758(4)  16.636(8) 
b/Å  11.2438(16)  14.392(3)  12.192(6) 
c/Å  13.686(2)  19.233(7)  18.546(9) 
α/  102.791(7)  90  90 
/  93.471(7)  93.825(7)  104.656(8) 
γ/  102.749(7)  90  90 
U/Å3  1402.5(3)  4628(2)  3639(3) 
Z  2  4  2 
(Mo-Kα)/mm–1  3.232  2.272  4.299 
F(000)  768  2424  1954 
(max)  26.0  27.5  27.5 
Temperature/K  120  100  100 
Total no. reflections  17910  21676  23331 
Unique reflections  6321  10508  8252 
Rint  0.0279  0.0523  0.0623 
Min., max. 
transmission 
0.500, 1.000  0.655, 1.000  0.615, 1.000 
No. of parameters, 
restraints 
289, 0  468, 1  371, 7 
R1b [Io > 2(Io)]  0.0383  0.0688  0.0648 
R1 (all data)  0.0425  0.1118  0.0834 
wR2b [Io > 2(Io)]  0.1024  0.1436  0.1637 
wR2 (all data)  0.1063  0.1614  0.1784 
a Common item: wavelength (Mo-K) = 0.71073 Å. 
b R1 = || Fo| – |Fc||/|Fo|.  wR2 = [w(Fo2 – Fc2)2/wFo4]1/2. 






Formula  C58H80Br4Cl8Cu4N2Sb6  C54H72Br4Cu4N2Sb6 
M  2393.1  2053.44 
Crystal system  triclinic  monoclinic 
Space group  P-1 (no. 2)  C2/c (no. 15) 
a/Å  11.755(3)  17.908(6) 
b/Å  12.875(4)  14.592(4) 
c/Å  13.094(5)  26.275(9) 
α/  100.987(7)  90 
/  93.589(7)  109.250(8) 
γ/  101.211(7)  90 
U/Å3  1898.1(10)  6482(3) 
Z  1  4 
(Mo-Kα)/mm–1  5.617  6.242 
F(000)  1140  3888 
Total no. reflections  17942  21141 
Unique reflections  8666  7306 
Rint  0.0453  0.0306 
Min., max. transmission  0.831, 1.000  0.708, 1.000 
No. of parameters, 
restraints 
370, 0  322, 0 
R1b [Io > 2(Io)]  0.0401  0.0311 
R1 (all data)  0.0634  0.0398 
wR2b [Io > 2(Io)]  0.0688  0.0650 
wR2 (all data)  0.0751  0.0683 
a Common items: temperature = 100 K; wavelength (Mo-K) = 0.71073 Å; (max) = 27.5. 
b R1 = || Fo| – |Fc||/|Fo|.  wR2 = [w(Fo2 – Fc2)2/wFo4]1/2. 
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Appendix 1 – General Experimental Techniques 
 
All experiments were performed under a dry N2 atmosphere using Schlenk line 
techniques. Spectroscopic samples were prepared in a glove box purged with dry N2. 
Solvents were dried and degassed prior to use. Et2O and thf were distilled over 
Na/benzophenone ketyl; hexane, toluene and benzene were distilled over Na wire; CH2Cl2, 
CHCl3 and MeCN were distilled over CaH; acetone was dried over molecular sieves (4 Å). 
Reagents were purchased from Sigma-Aldrich or Acros. Bipy, phen and OPR3 were dried by 
heating in vacuo before use, all other reagents were used as received. SbMe2Ph, SbMePh2, 
[Cr(CO)4(nbd)] and [W(CO)4(pip)2] were prepared according to the literature.1-3 The 
preparation of other precursors is described in the experimental text.  
Good laboratory practice was followed at all times, including the use of fume 
cupboards to handle volatile or hazardous substances, and the use of appropriate personal 
protective equipment. Organoantimony compounds are toxic, and were handled with care 
in small quantities, being treated with aqueous sodium hypochlorite prior to disposal. 
Organic residues were separated into those containing chlorinated and unchlorinated 
solvents and sent away for incineration. Aqueous residues were washed down the sink in 
dilute form.  
Photochemical syntheses were carried out using a 125 W medium pressure 
mercury lamp (Photochemical Reactors Ltd.) emitting at 365 nm. 
Infrared spectra were recorded over the range 4000-200 cm-1 using a Perkin-Elmer 
Spectrum 100 spectrometer. Samples were prepared as nujol mulls between CsI or NaCl 
plates, or as solutions using a 1 mm cell with NaCl windows. NMR spectra were recorded 
using Bruker AV300 or DPX400 spectrometers. 1H and 13C spectra were referenced to the 
solvent resonance, 31P to external aqueous 85% H3PO4, 19F to CFCl3, 55Mn to aqueous KMnO4 
and 63Cu to [Cu(MeCN)4][BF4] in MeCN. For 13C{1H} NMR experiments in which metal 
carbonyls were being probed, the standard pulse delay of 1 second was increased to 2 
seconds. Microanalyses were undertaken by Medac Ltd. ESI MS was carried out in MeCN 
solution using a VG Biotech platform. FAB MS (3-noba matrix) and high resolution ESI MS 
(LC-TOF, Waters LCT Premier XE) were undertaken by Medac Ltd. 
Single crystal X-ray data was collected using three different systems: a Nonius 
Kappa CCD diffractometer with molybdenum FR591 rotating anode, monochromated using 
10cm confocal mirrors, a Rigaku R-Axis Spider diffractometer including curved Fujifilm 
image plate and a graphite monochromated sealed tube molybdenum generator, or a 
Rigaku AFC12 goniometer equipped with an enhanced sensitivity (HG) Saturn724+ 
detector mounted at the window of an FR-E+ SuperBright molybdenum rotating anode 190 
 
generator with HF or VHF Varimax optics. All used Mo-Kα radiation (λ = 0.71073 Å). 
Crystals were held at either 120 K or 100 K under a nitrogen gas stream. Solution and 
refinement of structures was carried out as standard using SHELX,4-6 with hydrogen atoms 
added to the model in calculated positions using default C-H distances. 
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_audit_creation_method          'SHELXL-97 + hand edit' 
_audit_creation_date    '2011-09-30' 





 bromo(dimethyl)bismuthane  
;  
 
# Me2BrBi = C2H6BiBr 
# bromo(dimethyl)bismuthine (iLab defaults) 
# bromo(dimethyl)bismuthane (iLab selected options) 
 
 
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C4 H12 Bi2 Br2'  
_chemical_formula_sum            'C4 H12 Bi2 Br2' 
_chemical_formula_structural     '((C H3)2 Br Bi)2'   
_chemical_formula_weight          637.91  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0030   0.0020  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2900   2.4600  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Bi'  'Bi'  -4.1080  10.2570  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting           Monoclinic 
_symmetry_space_group_name_H-M   'P 21/c' 
_space_group_name_Hall       '-P 2ybc' 




loop_  194 
 
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    8.5531(15)  
_cell_length_b                    12.877(2)  
_cell_length_c                    10.562(2)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  102.755(10)  
_cell_angle_gamma                 90.00  
_cell_volume                      1134.6(3)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     120(2)  
_cell_measurement_reflns_used     27772 
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48 
  
_exptl_crystal_description        needle  
_exptl_crystal_colour             yellow 
_exptl_crystal_size_max           0.20  
_exptl_crystal_size_mid           0.05  
_exptl_crystal_size_min           0.02  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     3.735  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1088  
_exptl_absorpt_coefficient_mu     37.954  
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.2883  # Expt'l Tmin & Tmax   
_exptl_absorpt_correction_T_max   1.0000  # scaled to Tmax=1.0 




 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source          'Bruker-Nonius FR591 rotating anode' 
_diffrn_radiation_monochromator   '10cm confocal mirrors' 
_diffrn_measurement_device_type    
                    'Bruker-Nonius APEX II CCD camera on \k-goniostat' 
_diffrn_measurement_method        '\f & \w scans' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0 
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             14969  
_diffrn_reflns_av_R_equivalents   0.0449     
195 
 
_diffrn_reflns_av_sigmaI/netI     0.0313  
_diffrn_reflns_limit_h_min        -11  
_diffrn_reflns_limit_h_max        11  
_diffrn_reflns_limit_k_min        -16  
_diffrn_reflns_limit_k_max        15  
_diffrn_reflns_limit_l_min        -13  
_diffrn_reflns_limit_l_max        12  
_diffrn_reflns_theta_min          2.91  
_diffrn_reflns_theta_max          27.57  
_reflns_number_total              2596  
_reflns_number_gt                 2402  
_reflns_threshold_expression      I>2\s(I)  
 
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'DIRDIF-99 (Beurskens, 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0203P)^2^+7.3989P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          2596  
_refine_ls_number_parameters      77  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0298  
_refine_ls_R_factor_gt            0.0254  
_refine_ls_wR_factor_ref          0.0616  
_refine_ls_wR_factor_gt           0.0593  
_refine_ls_goodness_of_fit_ref    1.126  
_refine_ls_restrained_S_all       1.126  
_refine_ls_shift/su_max           0.001  




 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Bi1 Bi 0.63693(3) 0.127810(18) -0.00540(2) 0.02087(8) Uani 1 1 d . . .  
Bi2 Bi 0.63043(3) -0.112405(17) -0.36402(2) 0.02037(8) Uani 1 1 d . . .  
Br1 Br 0.52651(8) 0.30290(5) 0.12780(6) 0.02502(14) Uani 1 1 d . . .  
Br2 Br 0.79292(8) -0.04149(5) -0.11462(6) 0.02907(15) Uani 1 1 d . . .  
C1  C 0.8478(9) 0.2250(6) -0.0225(8) 0.0359(17) Uani 1 1 d . . .  
H1A H 0.8667 0.2778 0.0460 0.054 Uiso 1 1 calc R . .  
H1B H 0.8262 0.2591 -0.1076 0.054 Uiso 1 1 calc R . .  
H1C H 0.9428 0.1808 -0.0135 0.054 Uiso 1 1 calc R . .  
C2  C 0.7566(9) 0.0613(5) 0.1887(6) 0.0272(14) Uani 1 1 d . . .  
H2A H 0.8589 0.0297 0.1827 0.041 Uiso 1 1 calc R . .  
H2B H 0.6870 0.0085 0.2142 0.041 Uiso 1 1 calc R . .  
H2C H 0.7759 0.1169 0.2537 0.041 Uiso 1 1 calc R . .  
C3  C 0.8084(8) -0.0287(5) -0.4567(7) 0.0283(14) Uani 1 1 d . . .  
H3A H 0.8957 -0.0013 -0.3889 0.042 Uiso 1 1 calc R . .  
H3B H 0.7546 0.0286 -0.5101 0.042 Uiso 1 1 calc R . .  
H3C H 0.8521 -0.0773 -0.5115 0.042 Uiso 1 1 calc R . .  
C4  C 0.7878(8) -0.2534(5) -0.3251(7) 0.0274(14) Uani 1 1 d . . .  
H4A H 0.7839 -0.2907 -0.4066 0.041 Uiso 1 1 calc R . .  
H4B H 0.7499 -0.2990 -0.2639 0.041 Uiso 1 1 calc R . .  
H4C H 0.8984 -0.2320 -0.2878 0.041 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Bi1 0.02011(14) 0.02346(13) 0.01848(13) 0.00025(8) 0.00303(9) 0.00045(8)  
Bi2 0.01886(14) 0.02205(13) 0.02110(13) -0.00084(8) 0.00632(10) 0.00074(8)  
Br1 0.0274(3) 0.0269(3) 0.0210(3) -0.0006(2) 0.0058(2) 0.0036(2)  
Br2 0.0332(4) 0.0287(3) 0.0232(3) -0.0059(2) 0.0017(3) 0.0065(3)  
C1 0.028(4) 0.029(4) 0.053(5) 0.012(3) 0.016(3) 0.000(3)  
C2 0.036(4) 0.028(3) 0.018(3) 0.001(3) 0.005(3) -0.002(3)  
C3 0.031(4) 0.032(4) 0.023(3) 0.005(3) 0.008(3) -0.003(3)  
C4 0.028(4) 0.023(3) 0.032(4) 0.000(3) 0.007(3) 0.005(3)  
  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Bi1 C1 2.235(7) . ?  
Bi1 C2 2.248(7) . ?  
Bi1 Br1 2.9225(7) . ?  
Bi1 Br2 2.9229(7) . ?  
Bi2 C4 2.243(6) . ?  
Bi2 C3 2.257(6) . ?  
Bi2 Br2 2.8438(8) . ?  
Bi2 Br1 3.0169(8) 2_644 ?  
Br1 Bi2 3.0169(8) 2_654 ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
C3 H3A 0.9800 . ?  
C3 H3B 0.9800 . ?  
C3 H3C 0.9800 . ?  
C4 H4A 0.9800 . ?  
C4 H4B 0.9800 . ?  
C4 H4C 0.9800 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 Bi1 C2 94.2(3) . . ?  
C1 Bi1 Br1 87.7(2) . . ?  
C2 Bi1 Br1 89.15(17) . . ?  
C1 Bi1 Br2 86.5(2) . . ?  
C2 Bi1 Br2 85.43(17) . . ?  
Br1 Bi1 Br2 171.72(2) . . ?  
C4 Bi2 C3 91.8(3) . . ?  
C4 Bi2 Br2 86.52(18) . . ?  
C3 Bi2 Br2 90.58(18) . . ?  198 
 
C4 Bi2 Br1 90.19(18) . 2_644 ?  
C3 Bi2 Br1 88.68(18) . 2_644 ?  
Br2 Bi2 Br1 176.61(2) . 2_644 ?  
Bi1 Br1 Bi2 87.68(2) . 2_654 ?  
Bi2 Br2 Bi1 115.64(3) . . ?  
Bi1 C1 H1A 109.5 . . ?  
Bi1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Bi1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
Bi1 C2 H2A 109.5 . . ?  
Bi1 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
Bi1 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  
Bi2 C3 H3A 109.5 . . ?  
Bi2 C3 H3B 109.5 . . ?  
H3A C3 H3B 109.5 . . ?  
Bi2 C3 H3C 109.5 . . ?  
H3A C3 H3C 109.5 . . ?  
H3B C3 H3C 109.5 . . ?  
Bi2 C4 H4A 109.5 . . ?  
Bi2 C4 H4B 109.5 . . ?  
H4A C4 H4B 109.5 . . ?  
Bi2 C4 H4C 109.5 . . ?  
H4A C4 H4C 109.5 . . ?  





_geom_contact_distance   
_geom_contact_site_symmetry_1  
_geom_contact_site_symmetry_2  
_geom_contact_publ_flag    
Bi1  Br1  3.883(1) . 4_565  ? 
Bi2  Br1  3.940(1) . 3_655  ?  
 
  
_diffrn_measured_fraction_theta_max    0.991  
_diffrn_reflns_theta_full              27.57  
_diffrn_measured_fraction_theta_full   0.991  
_refine_diff_density_max    1.271  
_refine_diff_density_min   -2.095  
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_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '2011-03-09' 
_audit_author_name              'Benjamin, S.' 









_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C13 H11 Cl2 N2 Sb'  
_chemical_formula_sum            'C13 H11 Cl2 N2 Sb' 
_chemical_formula_structural     '(C12 H8 N2) ((C H3) Cl2 Sb)'  
  
_chemical_formula_weight          387.89  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cl'  'Cl'   0.1484   0.1585  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 
_symmetry_cell_setting            monoclinic  
_symmetry_space_group_name_H-M    'P 21/m' 
_space_group_IT_number             11          




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z'  
 '-x, -y, -z'  
 'x, -y-1/2, z'  
  
_cell_length_a                    5.4428(5)  
_cell_length_b                    15.996(3)  
_cell_length_c                    7.7092(15)  
_cell_angle_alpha                 90.00  200 
 
_cell_angle_beta                  96.317(10)  
_cell_angle_gamma                 90.00  
_cell_volume                      667.12(19)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     120(2) 
_cell_measurement_reflns_used     1564 
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48 
  
_exptl_crystal_description        plate 
_exptl_crystal_colour             yellow 
_exptl_crystal_size_max           0.20  
_exptl_crystal_size_mid           0.12  
_exptl_crystal_size_min           0.04  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.931  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              376  
_exptl_absorpt_coefficient_mu     2.450  
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.8086 # Expt'l Tmin & Tmax 
_exptl_absorpt_correction_T_max   1.0000 # Scaled to Tmax=1.0  
_exptl_absorpt_process_details   




 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source           'Bruker-Nonius FR591 rotating anode'  
_diffrn_radiation_monochromator    'graphite' 
_diffrn_measurement_device_type  
                        'Bruker-Nonius Roper CCD camera on \k-goniostat'  
_diffrn_measurement_method         '\f & \w scans' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0 
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             8803  
_diffrn_reflns_av_R_equivalents   0.0348  
_diffrn_reflns_av_sigmaI/netI     0.0275  
_diffrn_reflns_limit_h_min        -7  
_diffrn_reflns_limit_h_max        6  
_diffrn_reflns_limit_k_min        -20  
_diffrn_reflns_limit_k_max        20  
_diffrn_reflns_limit_l_min        -10  
_diffrn_reflns_limit_l_max        9  
_diffrn_reflns_theta_min          2.95  
_diffrn_reflns_theta_max          27.50     
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_reflns_number_total              1565  
_reflns_number_gt                 1517  
_reflns_threshold_expression      I>2\s(I)  
 
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'DIRDIF-99 (Beurskens, 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0000P)^2^+9.9820P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     mixed # constr (C-H), refxyz (C-H (Me)) 
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          1565  
_refine_ls_number_parameters      90  
_refine_ls_number_restraints      4  
_refine_ls_R_factor_all           0.0457  
_refine_ls_R_factor_gt            0.0446  
_refine_ls_wR_factor_ref          0.1072  
_refine_ls_wR_factor_gt           0.1067  
_refine_ls_goodness_of_fit_ref    1.210  
_refine_ls_restrained_S_all       1.208  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  202 
 
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Sb1 Sb 0.10843(9) 0.7500 1.02014(7) 0.00988(16) Uani 1 2 d S . .  
Cl1 Cl -0.0265(3) 0.61103(9) 1.17195(18) 0.0168(3) Uani 1 1 d . . .  
N1  N 0.3579(8) 0.6649(3) 0.8575(6) 0.0105(9) Uani 1 1 d . . .  
C1  C 0.4100(15) 0.7500 1.2218(11) 0.0143(16) Uani 1 2 d SD . .  
H1A H 0.513(4) 0.7000(3) 1.216(7) 0.021 Uiso 1 1 d D . .  
H1B H 0.336(14) 0.7500 1.332(6) 0.021 Uiso 1 2 d SD . .  
C2 C 0.3489(10) 0.5816(3) 0.8520(7) 0.0129(11) Uani 1 1 d . . .  
H2 H 0.2340 0.5534 0.9156 0.016 Uiso 1 1 calc R . .  
C3 C 0.5023(10) 0.5342(4) 0.7563(7) 0.0155(12) Uani 1 1 d . . .  
H3 H 0.4896 0.4749 0.7541 0.019 Uiso 1 1 calc R . .  
C4 C 0.6707(10) 0.5737(4) 0.6661(7) 0.0145(11) Uani 1 1 d . . .  
H4 H 0.7795 0.5419 0.6037 0.017 Uiso 1 1 calc R . .  
C5 C 0.6825(10) 0.6617(4) 0.6657(7) 0.0121(11) Uani 1 1 d . . .  
C6 C 0.5200(9) 0.7052(3) 0.7633(7) 0.0100(10) Uani 1 1 d . . .  
C7 C 0.8530(10) 0.7078(4) 0.5713(7) 0.0158(11) Uani 1 1 d . . .  
H7 H 0.9665 0.6785 0.5084 0.019 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Sb1 0.0082(3) 0.0104(3) 0.0110(3) 0.000 0.00095(17) 0.000  
Cl1 0.0191(7) 0.0123(6) 0.0203(7) -0.0005(5) 0.0084(5) -0.0021(5)  
N1 0.010(2) 0.009(2) 0.013(2) -0.0024(17) 0.0033(17) -0.0015(17)  
C1 0.010(4) 0.016(4) 0.015(4) 0.000 -0.004(3) 0.000  
C2 0.012(3) 0.011(3) 0.016(3) 0.001(2) 0.001(2) 0.000(2)  
C3 0.017(3) 0.011(3) 0.017(3) -0.004(2) -0.001(2) 0.001(2)  
C4 0.013(3) 0.016(3) 0.015(3) -0.007(2) 0.002(2) 0.000(2)  
C5 0.013(3) 0.016(3) 0.008(2) -0.002(2) 0.002(2) 0.001(2)  
C6 0.009(2) 0.013(3) 0.007(2) -0.0019(19) -0.0004(18) -0.0014(19)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1     
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 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Sb1 C1 2.133(8) . ?  
Sb1 N1 2.376(4) . ?  
Sb1 N1 2.376(5) 4_575 ?  
Sb1 Cl1 2.6534(14) 4_575 ?  
Sb1 Cl1 2.6534(14) . ?  
N1 C2 1.335(7) . ?  
N1 C6 1.364(7) . ?  
C1 H1A 0.980(10) . ?  
C1 H1B 0.981(10) . ?  
C2 C3 1.397(8) . ?  
C2 H2 0.9500 . ?  
C3 C4 1.365(8) . ?  
C3 H3 0.9500 . ?  
C4 C5 1.409(8) . ?  
C4 H4 0.9500 . ?  
C5 C6 1.407(7) . ?  
C5 C7 1.444(8) . ?  
C6 C6 1.434(11) 4_575 ?  
C7 C7 1.349(12) 4_575 ?  
C7 H7 0.9500 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 Sb1 N1 86.9(2) . . ?  
C1 Sb1 N1 86.9(2) . 4_575 ?  
N1 Sb1 N1 69.9(2) . 4_575 ?  
C1 Sb1 Cl1 84.64(13) . 4_575 ?  
N1 Sb1 Cl1 156.20(12) . 4_575 ?  
N1 Sb1 Cl1 87.40(12) 4_575 4_575 ?  
C1 Sb1 Cl1 84.64(13) . . ?  
N1 Sb1 Cl1 87.40(12) . . ?  
N1 Sb1 Cl1 156.20(11) 4_575 . ?  
Cl1 Sb1 Cl1 113.83(6) 4_575 . ?  
C2 N1 C6 118.6(5) . . ?  
C2 N1 Sb1 124.6(4) . . ?  
C6 N1 Sb1 116.8(4) . . ?  
Sb1 C1 H1A 111(3) . . ?  
Sb1 C1 H1B 106(5) . . ?  
H1A C1 H1B 109.3(15) . . ?  
N1 C2 C3 122.5(5) . . ?  
N1 C2 H2 118.8 . . ?  
C3 C2 H2 118.8 . . ?  
C4 C3 C2 119.5(6) . . ?  
C4 C3 H3 120.3 . . ?  204 
 
C2 C3 H3 120.3 . . ?  
C3 C4 C5 119.8(5) . . ?  
C3 C4 H4 120.1 . . ?  
C5 C4 H4 120.1 . . ?  
C6 C5 C4 117.5(5) . . ?  
C6 C5 C7 119.5(5) . . ?  
C4 C5 C7 122.9(5) . . ?  
N1 C6 C5 122.1(5) . . ?  
N1 C6 C6 118.2(3) . 4_575 ?  
C5 C6 C6 119.7(3) . 4_575 ?  
C7 C7 C5 120.8(3) 4_575 . ?  
C7 C7 H7 119.6 4_575 . ?  
C5 C7 H7 119.6 . . ?  
  
_diffrn_measured_fraction_theta_max    0.991  
_diffrn_reflns_theta_full              27.50  
_diffrn_measured_fraction_theta_full   0.991  
_refine_diff_density_max    5.592  
_refine_diff_density_min   -1.723  








_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '2011-03-15' 










_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C13 H11 Br2 N2 Sb'  
_chemical_formula_sum            'C13 H11 Br2 N2 Sb' 
_chemical_formula_structural     '(C12 H8 N2) ((C H3) Br2 Sb)'   
_chemical_formula_weight          476.81  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'     
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 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2901   2.4595  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 
_symmetry_cell_setting             Monoclinic 
_symmetry_space_group_name_H-M    'C m' 
_space_group_name_Hall        'C -2y' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 'x, -y, z'  
 'x+1/2, y+1/2, z'  
 'x+1/2, -y+1/2, z'  
  
_cell_length_a                    7.7806(15)  
_cell_length_b                    16.546(3)  
_cell_length_c                    5.5726(10)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  98.455(10)  
_cell_angle_gamma                 90.00  
_cell_volume                      709.6(2)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     120(2)  
_cell_measurement_reflns_used     4464 
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48 
  
_exptl_crystal_description        fragment 
_exptl_crystal_colour             yellow 
_exptl_crystal_size_max           0.15  
_exptl_crystal_size_mid           0.11  
_exptl_crystal_size_min           0.09  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.231  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              448  
_exptl_absorpt_coefficient_mu     7.558 
_exptl_absorpt_correction_type    multi-scan 
_exptl_absorpt_correction_T_min   0.7878 # Expt'l Tmin & Tmax 
_exptl_absorpt_correction_T_max   1.0000 # scaled to Tmax=1.0 
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 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source          'Bruker-Nonius FR591 rotating anode' 
_diffrn_radiation_monochromator   'graphite' 
_diffrn_measurement_device_type   'Bruker-Nonius Roper CCD camera on \k-goniostat' 
_diffrn_measurement_method        '\f & \w scans' 
_diffrn_detector_area_resol_mean  ? 
_diffrn_standards_number          0 
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             4534  
_diffrn_reflns_av_R_equivalents   0.0283  
_diffrn_reflns_av_sigmaI/netI     0.0532  
_diffrn_reflns_limit_h_min        -9  
_diffrn_reflns_limit_h_max        10  
_diffrn_reflns_limit_k_min        -21  
_diffrn_reflns_limit_k_max        21  
_diffrn_reflns_limit_l_min        -7  
_diffrn_reflns_limit_l_max        7  
_diffrn_reflns_theta_min          4.40  
_diffrn_reflns_theta_max          27.57  
_reflns_number_total              1545  
_reflns_number_gt                 1538  
_reflns_threshold_expression      I>2\s(I)  
 
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'DIRDIF-99 (Beurskens, 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0000P)^2^+0.0000P] where P=(Fo^2^+2Fc^2^)/3'     
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_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     mixed  # C-H(phen) constr, C-H(Me) refxyz  
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.0092(6)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
_refine_ls_abs_structure_details  
 'Flack H D (1983), Acta Cryst. A39, 876-881'  
_refine_ls_abs_structure_Flack    0.034(6) 
_chemical_absolute_configuration    ad  
  
_refine_ls_number_reflns          1545  
_refine_ls_number_parameters      91  
_refine_ls_number_restraints      5  
_refine_ls_R_factor_all           0.0182  
_refine_ls_R_factor_gt            0.0180  
_refine_ls_wR_factor_ref          0.0414  
_refine_ls_wR_factor_gt           0.0411  
_refine_ls_goodness_of_fit_ref    0.916  
_refine_ls_restrained_S_all       0.915  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Sb1 Sb 0.73185(2) 0.0000 0.68581(3) 0.01086(10) Uani 1 2 d S . .  
Br1 Br 0.56955(4) 0.140553(19) 0.82728(5) 0.01837(12) Uani 1 1 d . . .  
N1  N 0.8909(3) -0.08263(14) 0.4474(5) 0.0121(5) Uani 1 1 d . . .  
C1  C 0.5303(5) 0.0000 0.3851(8) 0.0150(9) Uani 1 2 d SD . .  
H1A H 0.539(3) 0.0493(12) 0.291(5) 0.022 Uiso 1 1 d D . .  
H1B H 0.424(4) 0.0000 0.456(8) 0.022 Uiso 1 2 d SD . .  
C2 C 0.8971(4) -0.16259(17) 0.4573(7) 0.0174(7) Uani 1 1 d . . .  
H2 H 0.8352 -0.1898 0.5681 0.021 Uiso 1 1 calc R . .  
C3 C 0.9918(4) -0.20860(19) 0.3097(6) 0.0187(7) Uani 1 1 d . . .  
H3 H 0.9943 -0.2659 0.3218 0.022 Uiso 1 1 calc R . .  
C4 C 1.0798(4) -0.17025(18) 0.1497(6) 0.0188(7) Uani 1 1 d . . .  
H4 H 1.1427 -0.2008 0.0472 0.023 Uiso 1 1 calc R . .  
C5 C 1.0779(4) -0.08557(19) 0.1359(6) 0.0148(6) Uani 1 1 d . . .  
C6 C 0.9814(4) -0.04347(19) 0.2915(6) 0.0118(6) Uani 1 1 d . . .  
C7 C 1.1692(4) -0.0411(2) -0.0264(6) 0.0166(7) Uani 1 1 d . . .  208 
 
H7 H 1.2306 -0.0694 -0.1355 0.020 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Sb1 0.01291(14) 0.01000(15) 0.00964(15) 0.000 0.00156(9) 0.000  
Br1 0.02322(19) 0.01274(18) 0.0211(2) -0.00180(11) 0.00997(15) 0.00049(11)  
N1 0.0142(12) 0.0113(11) 0.0104(11) 0.0015(10) 0.0004(10) 0.0014(10)  
C1 0.018(2) 0.014(2) 0.012(2) 0.000 -0.0012(17) 0.000  
C2 0.0148(14) 0.0138(15) 0.0232(17) 0.0072(14) 0.0015(13) 0.0034(14)  
C3 0.0241(16) 0.0123(15) 0.0194(17) -0.0002(12) 0.0026(14) 0.0046(13)  
C4 0.0215(16) 0.0145(16) 0.0198(16) -0.0042(12) 0.0009(13) 0.0048(14)  
C5 0.0139(14) 0.0183(15) 0.0114(15) -0.0012(12) -0.0006(12) 0.0034(13)  
C6 0.0123(15) 0.0113(15) 0.0111(15) 0.0012(12) -0.0004(12) 0.0020(12)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Sb1 C1 2.120(4) . ?  
Sb1 N1 2.377(3) 2 ?  
Sb1 N1 2.377(3) . ?  
Sb1 Br1 2.8138(5) . ?  
Sb1 Br1 2.8138(5) 2 ?  
N1 C2 1.325(4) . ?  
N1 C6 1.360(4) . ?  
C1 H1A 0.978(9) . ?  
C1 H1B 0.970(10) . ?  
C2 C3 1.406(5) . ?  
C2 H2 0.9500 . ?  
C3 C4 1.359(5) . ?  
C3 H3 0.9500 . ?  
C4 C5 1.403(5) . ?  
C4 H4 0.9500 . ?  
C5 C6 1.412(5) . ?  
C5 C7 1.433(5) . ?     
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C6 C6 1.438(6) 2 ?  
C7 C7 1.361(7) 2 ?  
C7 H7 0.9500 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 Sb1 N1 86.76(12) . 2 ?  
C1 Sb1 N1 86.76(12) . . ?  
N1 Sb1 N1 70.23(12) 2 . ?  
C1 Sb1 Br1 84.91(7) . . ?  
N1 Sb1 Br1 88.46(6) 2 . ?  
N1 Sb1 Br1 157.52(6) . . ?  
C1 Sb1 Br1 84.90(7) . 2 ?  
N1 Sb1 Br1 157.52(6) 2 2 ?  
N1 Sb1 Br1 88.46(6) . 2 ?  
Br1 Sb1 Br1 111.483(18) . 2 ?  
C2 N1 C6 118.9(3) . . ?  
C2 N1 Sb1 124.7(2) . . ?  
C6 N1 Sb1 116.35(19) . . ?  
Sb1 C1 H1A 108.9(19) . . ?  
Sb1 C1 H1B 105(3) . . ?  
H1A C1 H1B 110.6(13) . . ?  
N1 C2 C3 122.3(3) . . ?  
N1 C2 H2 118.8 . . ?  
C3 C2 H2 118.8 . . ?  
C4 C3 C2 119.3(3) . . ?  
C4 C3 H3 120.4 . . ?  
C2 C3 H3 120.4 . . ?  
C3 C4 C5 120.0(3) . . ?  
C3 C4 H4 120.0 . . ?  
C5 C4 H4 120.0 . . ?  
C4 C5 C6 117.5(3) . . ?  
C4 C5 C7 123.0(3) . . ?  
C6 C5 C7 119.5(3) . . ?  
N1 C6 C5 122.0(3) . . ?  
N1 C6 C6 118.45(17) . 2 ?  
C5 C6 C6 119.57(19) . 2 ?  
C7 C7 C5 120.89(18) 2 . ?  
C7 C7 H7 119.6 2 . ?  
C5 C7 H7 119.6 . . ?  
  
_diffrn_measured_fraction_theta_max    0.978  
_diffrn_reflns_theta_full              27.57  
_diffrn_measured_fraction_theta_full   0.978  
_refine_diff_density_max    0.894  
_refine_diff_density_min   -1.038  









_audit_creation_method           SHELXL-97 
_audit_creation_date    '2010-11-19' 
_audit_author_name    'Benjamin, S.L.' 




 Dibromo-methyl(2,2'-bipyridyl-N,N')antimony(III)  
;  
  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C11 H11 Br2 N2 Sb' 
_chemical_formula_sum            'C11 H11 Br2 N2 Sb'  
_chemical_formula_weight          452.79  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2901   2.4595  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 
_symmetry_cell_setting            monoclinic 
_symmetry_space_group_name_H-M   'P 2(1)/m' 
_space_group_name_Hall       '-P 2yb' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z'  
 '-x, -y, -z'  
 'x, -y-1/2, z'  
  
_cell_length_a                    5.7015(10)  
_cell_length_b                    16.459(3)     
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_cell_length_c                    7.0828(10)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  95.639(10)  
_cell_angle_gamma                 90.00  
_cell_volume                      661.46(18)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     120(2) 
_cell_measurement_reflns_used     11000 
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48 
  
_exptl_crystal_description        rhombus 
_exptl_crystal_colour             yellow 
_exptl_crystal_size_max           0.16  
_exptl_crystal_size_mid           0.09  
_exptl_crystal_size_min           0.04  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.273  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              424  
_exptl_absorpt_coefficient_mu     8.101 
_exptl_absorpt_correction_type    'multi scan' 
_exptl_absorpt_correction_T_min   0.7399 # Exptl Tmin and Tmax   
_exptl_absorpt_correction_T_max   1.0000 # scaled to Tmax=1.0 
_exptl_absorpt_process_details    'SADABS V2.10 (Sheldrick, G.M., 2007)' 
   
_exptl_special_details  
;  
 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source          'Bruker-Nonius FR591 rotating anode' 
_diffrn_radiation_monochromator   '10cm confocal mirrors' 
_diffrn_measurement_device_type  
                     'Bruker-Nonius APEX II CCD camera on \k-goniostat' 
_diffrn_measurement_method        '\f & \w scans' 
_diffrn_detector_area_resol_mean  '4096x4096pixels / 62x62mm' 
_diffrn_standards_number          0 
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             11179  
_diffrn_reflns_av_R_equivalents   0.0457  
_diffrn_reflns_av_sigmaI/netI     0.0334  
_diffrn_reflns_limit_h_min        -7  
_diffrn_reflns_limit_h_max        7  
_diffrn_reflns_limit_k_min        -19  
_diffrn_reflns_limit_k_max        21  
_diffrn_reflns_limit_l_min        -9  
_diffrn_reflns_limit_l_max        9  
_diffrn_reflns_theta_min          3.14  212 
 
_diffrn_reflns_theta_max          27.53  
_reflns_number_total              1574  
_reflns_number_gt                 1445  
_reflns_threshold_expression      I>2\s(I)  
 
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'DIRDIF-99 (Beurskens, 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0434P)^2^+6.4006P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     mixed # C-H (bipy) constr, C-H (Me) refxyz 
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          1574  
_refine_ls_number_parameters      81  
_refine_ls_number_restraints      4  
_refine_ls_R_factor_all           0.0470  
_refine_ls_R_factor_gt            0.0428  
_refine_ls_wR_factor_ref          0.1068  
_refine_ls_wR_factor_gt           0.1045  
_refine_ls_goodness_of_fit_ref    1.101  
_refine_ls_restrained_S_all       1.099  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv     
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 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Sb1 Sb 0.12630(9) 0.2500 0.02198(7) 0.01463(17) Uani 1 2 d S . .  
Br1 Br -0.01979(11) 0.38587(4) 0.21751(9) 0.0262(2) Uani 1 1 d . . .  
N1  N 0.3658(9) 0.3316(3) -0.1558(7) 0.0170(10) Uani 1 1 d . . .  
C1  C 0.4184(16) 0.2500 0.2311(12) 0.0230(17) Uani 1 2 d SD . .  
H1A H 0.515(4) 0.2014(3) 0.220(7) 0.035 Uiso 1 1 d D . .  
H1B H 0.352(15) 0.2500 0.353(7) 0.035 Uiso 1 2 d SD . .  
C2 C 0.5313(10) 0.2947(4) -0.2525(8) 0.0169(11) Uani 1 1 d . . .  
C3 C 0.6872(10) 0.3408(4) -0.3476(7) 0.0173(11) Uani 1 1 d . . .  
H3 H 0.8015 0.3148 -0.4156 0.021 Uiso 1 1 calc R . .  
C4 C 0.6752(10) 0.4248(3) -0.3431(8) 0.0177(11) Uani 1 1 d . . .  
H4 H 0.7831 0.4568 -0.4050 0.021 Uiso 1 1 calc R . .  
C5 C 0.5036(10) 0.4612(4) -0.2468(8) 0.0201(12) Uani 1 1 d . . .  
H5 H 0.4909 0.5187 -0.2430 0.024 Uiso 1 1 calc R . .  
C6 C 0.3505(11) 0.4129(4) -0.1561(8) 0.0215(12) Uani 1 1 d . . .  
H6 H 0.2310 0.4381 -0.0921 0.026 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Sb1 0.0137(3) 0.0135(3) 0.0170(3) 0.000 0.00256(19) 0.000  
Br1 0.0291(4) 0.0160(3) 0.0367(4) -0.0045(2) 0.0198(3) -0.0013(2)  
N1 0.021(2) 0.013(2) 0.018(2) 0.0005(18) 0.0071(18) 0.0013(19)  
C1 0.021(4) 0.026(5) 0.021(4) 0.000 0.001(3) 0.000  
C2 0.020(3) 0.018(3) 0.014(2) 0.001(2) 0.006(2) 0.000(2)  
C3 0.022(3) 0.017(3) 0.013(2) 0.002(2) 0.006(2) -0.001(2)  
C4 0.023(3) 0.012(3) 0.019(3) 0.004(2) 0.005(2) -0.002(2)  
C5 0.028(3) 0.012(3) 0.021(3) 0.002(2) 0.006(2) -0.003(2)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  214 
 
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Sb1 C1 2.117(8) . ?  
Sb1 N1 2.365(5) . ?  
Sb1 N1 2.365(5) 4_565 ?  
Sb1 Br1 2.7999(7) . ?  
Sb1 Br1 2.7999(7) 4_565 ?  
N1 C6 1.341(8) . ?  
N1 C2 1.362(7) . ?  
C1 H1A 0.979(10) . ?  
C1 H1B 0.978(10) . ?  
C2 C3 1.393(8) . ?  
C2 C2 1.471(12) 4_565 ?  
C3 C4 1.384(8) . ?  
C3 H3 0.9500 . ?  
C4 C5 1.383(8) . ?  
C4 H4 0.9500 . ?  
C5 C6 1.385(8) . ?  
C5 H5 0.9500 . ?  
C6 H6 0.9500 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 Sb1 N1 85.2(2) . . ?  
C1 Sb1 N1 85.2(2) . 4_565 ?  
N1 Sb1 N1 69.2(2) . 4_565 ?  
C1 Sb1 Br1 84.59(15) . . ?  
N1 Sb1 Br1 91.44(12) . . ?  
N1 Sb1 Br1 158.82(12) 4_565 . ?  
C1 Sb1 Br1 84.59(15) . 4_565 ?  
N1 Sb1 Br1 158.82(12) . 4_565 ?  
N1 Sb1 Br1 91.44(11) 4_565 4_565 ?  
Br1 Sb1 Br1 106.01(3) . 4_565 ?  
C6 N1 C2 119.6(5) . . ?  
C6 N1 Sb1 121.8(4) . . ?  
C2 N1 Sb1 118.6(4) . . ?  
Sb1 C1 H1A 111(3) . . ?  
Sb1 C1 H1B 106(5) . . ?  
H1A C1 H1B 109.9(15) . . ?  
N1 C2 C3 120.4(5) . . ?  
N1 C2 C2 116.5(3) . 4_565 ?  
C3 C2 C2 123.1(3) . 4_565 ?  
C4 C3 C2 119.9(5) . . ?  
C4 C3 H3 120.1 . . ?  
C2 C3 H3 120.1 . . ?  
C5 C4 C3 118.9(5) . . ?  
C5 C4 H4 120.5 . . ?     
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C3 C4 H4 120.5 . . ?  
C4 C5 C6 119.2(6) . . ?  
C4 C5 H5 120.4 . . ?  
C6 C5 H5 120.4 . . ?  
N1 C6 C5 122.0(6) . . ?  
N1 C6 H6 119.0 . . ?  
C5 C6 H6 119.0 . . ?  
  
_diffrn_measured_fraction_theta_max    0.994  
_diffrn_reflns_theta_full              27.53  
_diffrn_measured_fraction_theta_full   0.994  
_refine_diff_density_max    5.526  
_refine_diff_density_min   -1.135  








_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '2011-03-09' 
_audit_author_name              'Benjamin, S.' 









_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C11 H11 Bi Br2 N2' 
_chemical_formula_sum            'C11 H11 Bi Br2 N2'  
_chemical_formula_weight          540.02  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2901   2.4595  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Bi'  'Bi'  -4.1077  10.2566  216 
 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 
_symmetry_cell_setting            monoclinic  
_symmetry_space_group_name_H-M    'P 21/m' 
_space_group_IT_number             11          





 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z'  
 '-x, -y, -z'  
 'x, -y-1/2, z'  
  
_cell_length_a                    5.7321(10)  
_cell_length_b                    16.541(4)  
_cell_length_c                    7.1700(15)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  95.966(15)  
_cell_angle_gamma                 90.00  
_cell_volume                      676.1(2)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     120(2)  
_cell_measurement_reflns_used     6058 
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48 
  
_exptl_crystal_description        rod 
_exptl_crystal_colour             colourless 
_exptl_crystal_size_max           0.15  
_exptl_crystal_size_mid           0.08  
_exptl_crystal_size_min           0.05  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.652  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              488  
_exptl_absorpt_coefficient_mu     18.923 
_exptl_absorpt_correction_type    multi-scan 
_exptl_absorpt_correction_T_min   0.4573 
_exptl_absorpt_correction_T_max   0.7456  
_exptl_absorpt_process_details     




 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source           'Bruker-Nonius FR591 rotating anode'     
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_diffrn_radiation_monochromator    'graphite' 
_diffrn_measurement_device_type  
                        'Bruker-Nonius 95mm CCD camera on \k-goniostat'  
_diffrn_measurement_method         '\f & \w scans' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0 
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             7651  
_diffrn_reflns_av_R_equivalents   0.0443  
_diffrn_reflns_av_sigmaI/netI     0.0399  
_diffrn_reflns_limit_h_min        -7  
_diffrn_reflns_limit_h_max        7  
_diffrn_reflns_limit_k_min        -21  
_diffrn_reflns_limit_k_max        19  
_diffrn_reflns_limit_l_min        -9  
_diffrn_reflns_limit_l_max        9  
_diffrn_reflns_theta_min          3.77  
_diffrn_reflns_theta_max          27.56  
_reflns_number_total              1608  
_reflns_number_gt                 1489  
_reflns_threshold_expression      I>2\(I)  
 
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'DIRDIF-99 (Beurskens, 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0225P)^2^+1.4650P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     mixed # C-H (bipy) constr, C-H (Me) refxyz 
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  218 
 
_refine_ls_number_reflns          1608  
_refine_ls_number_parameters      81  
_refine_ls_number_restraints      4  
_refine_ls_R_factor_all           0.0313  
_refine_ls_R_factor_gt            0.0272  
_refine_ls_wR_factor_ref          0.0585  
_refine_ls_wR_factor_gt           0.0571  
_refine_ls_goodness_of_fit_ref    1.088  
_refine_ls_restrained_S_all       1.087  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Bi1 Bi 0.11583(4) 0.2500 0.52941(3) 0.01203(10) Uani 1 2 d S . .  
Br1 Br -0.02712(9) 0.38882(3) 0.71743(8) 0.02455(15) Uani 1 1 d . . .  
N1  N 0.3688(7) 0.3317(2) 0.3367(5) 0.0145(8) Uani 1 1 d . . .  
C1  C 0.4255(13) 0.2500 0.7417(10) 0.0227(16) Uani 1 2 d SD . .  
H1A H 0.524(8) 0.203(2) 0.728(6) 0.034 Uiso 1 1 d D . .  
H1B H 0.368(12) 0.2500 0.866(5) 0.034 Uiso 1 2 d SD . .  
C2 C 0.5346(8) 0.2952(3) 0.2444(6) 0.0146(10) Uani 1 1 d . . .  
C3 C 0.6926(8) 0.3397(3) 0.1536(7) 0.0160(10) Uani 1 1 d . . .  
H3 H 0.8070 0.3131 0.0889 0.019 Uiso 1 1 calc R . .  
C4 C 0.6832(9) 0.4238(3) 0.1577(7) 0.0172(10) Uani 1 1 d . . .  
H4 H 0.7925 0.4552 0.0978 0.021 Uiso 1 1 calc R . .  
C5 C 0.5126(9) 0.4607(3) 0.2500(7) 0.0187(10) Uani 1 1 d . . .  
H5 H 0.5014 0.5180 0.2538 0.022 Uiso 1 1 calc R . .  
C6 C 0.3586(9) 0.4130(3) 0.3368(7) 0.0190(10) Uani 1 1 d . . .  
H6 H 0.2404 0.4386 0.3993 0.023 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Bi1 0.01081(14) 0.01118(15) 0.01409(14) 0.000 0.00118(10) 0.000  
Br1 0.0268(3) 0.0144(3) 0.0352(3) -0.0047(2) 0.0163(2) -0.00079(19)  
N1 0.018(2) 0.011(2) 0.0145(19) -0.0015(15) 0.0026(17) 0.0021(16)  
C1 0.017(4) 0.033(5) 0.016(4) 0.000 -0.006(3) 0.000     
219 
 
C2 0.017(2) 0.013(2) 0.013(2) -0.0016(18) -0.0016(19) -0.0012(18)  
C3 0.015(2) 0.018(3) 0.015(2) -0.0012(19) 0.0009(19) -0.0003(19)  
C4 0.019(2) 0.014(3) 0.018(2) 0.0068(19) 0.001(2) -0.0021(19)  
C5 0.024(3) 0.013(3) 0.019(3) 0.000(2) 0.002(2) -0.003(2)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Bi1 C1 2.215(7) . ?  
Bi1 N1 2.500(4) 4_565 ?  
Bi1 N1 2.500(4) . ?  
Bi1 Br1 2.8269(7) . ?  
Bi1 Br1 2.8269(7) 4_565 ?  
N1 C6 1.346(6) . ?  
N1 C2 1.355(6) . ?  
C1 H1A 0.977(10) . ?  
C1 H1B 0.978(10) . ?  
C2 C3 1.381(7) . ?  
C2 C2 1.497(9) 4_565 ?  
C3 C4 1.391(7) . ?  
C3 H3 0.9500 . ?  
C4 C5 1.379(7) . ?  
C4 H4 0.9500 . ?  
C5 C6 1.380(7) . ?  
C5 H5 0.9500 . ?  
C6 H6 0.9500 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 Bi1 N1 84.86(19) . 4_565 ?  
C1 Bi1 N1 84.86(19) . . ?  
N1 Bi1 N1 65.41(17) 4_565 . ?  
C1 Bi1 Br1 85.62(12) . . ?  
N1 Bi1 Br1 156.33(9) 4_565 . ?  220 
 
N1 Bi1 Br1 92.18(9) . . ?  
C1 Bi1 Br1 85.62(12) . 4_565 ?  
N1 Bi1 Br1 92.18(9) 4_565 4_565 ?  
N1 Bi1 Br1 156.33(9) . 4_565 ?  
Br1 Bi1 Br1 108.64(3) . 4_565 ?  
C6 N1 C2 118.5(4) . . ?  
C6 N1 Bi1 120.8(3) . . ?  
C2 N1 Bi1 120.4(3) . . ?  
Bi1 C1 H1A 111(3) . . ?  
Bi1 C1 H1B 108(4) . . ?  
H1A C1 H1B 110.1(13) . . ?  
N1 C2 C3 121.4(4) . . ?  
N1 C2 C2 116.4(3) . 4_565 ?  
C3 C2 C2 122.2(3) . 4_565 ?  
C2 C3 C4 119.6(4) . . ?  
C2 C3 H3 120.2 . . ?  
C4 C3 H3 120.2 . . ?  
C5 C4 C3 118.9(4) . . ?  
C5 C4 H4 120.5 . . ?  
C3 C4 H4 120.5 . . ?  
C6 C5 C4 118.8(5) . . ?  
C6 C5 H5 120.6 . . ?  
C4 C5 H5 120.6 . . ?  
N1 C6 C5 122.8(5) . . ?  
N1 C6 H6 118.6 . . ?  
C5 C6 H6 118.6 . . ?  
  
_diffrn_measured_fraction_theta_max    0.985  
_diffrn_reflns_theta_full              27.56  
_diffrn_measured_fraction_theta_full   0.985  
_refine_diff_density_max    0.979  
_refine_diff_density_min   -1.359  








_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '2011-03-20' 




 dibromo-methyl(1,10-phenanthroline-N,N')bismuth(III)  
;  
 
# C12H8N2 = phen = 1,10-phen 
# 1,10-phenanthroline (iLab defaults & selected options) 
# 1,10-phenanthroline (chemspider) 
 
_chemical_name_common             ?     
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_chemical_melting_point           ?  
_chemical_formula_moiety         'C13 H11 Bi Br2 N2' 
_chemical_formula_sum            'C13 H11 Bi Br2 N2'  
_chemical_formula_weight          564.04  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2901   2.4595  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Bi'  'Bi'  -4.1077  10.2566  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            monoclinic  
_symmetry_space_group_name_H-M    'P 21/m' 
_space_group_IT_number             11          




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z'  
 '-x, -y, -z'  
 'x, -y-1/2, z'  
  
_cell_length_a                    5.6366(15)  
_cell_length_b                    16.562(5)  
_cell_length_c                    7.737(3)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  97.25(3)  
_cell_angle_gamma                 90.00  
_cell_volume                      716.5(4)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     120(2)  
_cell_measurement_reflns_used     16804  
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48 
  
_exptl_crystal_description        block 
_exptl_crystal_colour             colourless 
_exptl_crystal_size_max           0.10  
_exptl_crystal_size_mid           0.09  
_exptl_crystal_size_min           0.09  
_exptl_crystal_density_meas       ?  222 
 
_exptl_crystal_density_diffrn     2.615  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              512  
_exptl_absorpt_coefficient_mu     17.865  
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.6811 # Expt'l Tmin & Tmax  
_exptl_absorpt_correction_T_max   1.0000 # scaled to Tmax=1.0  
_exptl_absorpt_process_details     




 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source           'Bruker-Nonius FR591 rotating anode'  
_diffrn_radiation_monochromator    'graphite' 
_diffrn_measurement_device_type  
                        'Bruker-Nonius Roper CCD camera on \k-goniostat'  
_diffrn_measurement_method         '\f & \w scans' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             7972  
_diffrn_reflns_av_R_equivalents   0.0521  
_diffrn_reflns_av_sigmaI/netI     0.0438  
_diffrn_reflns_limit_h_min        -7  
_diffrn_reflns_limit_h_max        6  
_diffrn_reflns_limit_k_min        -21  
_diffrn_reflns_limit_k_max        21  
_diffrn_reflns_limit_l_min        -10  
_diffrn_reflns_limit_l_max        9  
_diffrn_reflns_theta_min          3.62  
_diffrn_reflns_theta_max          27.64  
_reflns_number_total              1678  
_reflns_number_gt                 1597  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'SHELXS-97 (Sheldrick, 1997)'  
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and     
223 
 
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0197P)^2^+7.7757P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     mixed # constr (C-H) refxyz (Me)  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          1678  
_refine_ls_number_parameters      90  
_refine_ls_number_restraints      3  
_refine_ls_R_factor_all           0.0374  
_refine_ls_R_factor_gt            0.0344  
_refine_ls_wR_factor_ref          0.0874  
_refine_ls_wR_factor_gt           0.0852  
_refine_ls_goodness_of_fit_ref    1.197  
_refine_ls_restrained_S_all       1.195  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Bi1 Bi 0.38670(6) 0.7500 0.47132(5) 0.01499(13) Uani 1 2 d S . .  
Br1 Br 0.53570(14) 0.60555(4) 0.31837(10) 0.02301(19) Uani 1 1 d . . .  
N1 N 0.1289(11) 0.6667(3) 0.6441(8) 0.0179(12) Uani 1 1 d . . .  
C1 C 0.0787(19) 0.7500 0.2605(14) 0.021(2) Uani 1 2 d SD . .  
H1A H -0.020(5) 0.7017(3) 0.268(12) 0.031 Uiso 1 1 d D . .  
H1B H 0.14(2) 0.7500 0.147(8) 0.031 Uiso 1 2 d SD . .  
C2 C 0.1374(14) 0.5866(4) 0.6519(10) 0.0218(15) Uani 1 1 d . . .  
H2 H 0.2521 0.5593 0.5932 0.026 Uiso 1 1 calc R . .  
C3 C -0.0133(13) 0.5410(4) 0.7418(10) 0.0233(16) Uani 1 1 d . . .  224 
 
H3 H -0.0017 0.4837 0.7436 0.028 Uiso 1 1 calc R . .  
C4 C -0.1794(14) 0.5794(4) 0.8280(9) 0.0211(15) Uani 1 1 d . . .  
H4 H -0.2850 0.5490 0.8890 0.025 Uiso 1 1 calc R . .  
C5 C -0.1920(13) 0.6647(4) 0.8251(9) 0.0192(14) Uani 1 1 d . . .  
C6 C -0.0303(13) 0.7067(4) 0.7303(10) 0.0188(14) Uani 1 1 d . . .  
C7 C -0.3600(13) 0.7090(5) 0.9146(10) 0.0212(15) Uani 1 1 d . . .  
H7 H -0.4716 0.6806 0.9741 0.025 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Bi1 0.0154(2) 0.01170(19) 0.0178(2) 0.000 0.00190(14) 0.000  
Br1 0.0278(4) 0.0141(3) 0.0287(4) 0.0007(3) 0.0097(3) 0.0020(3)  
N1 0.021(3) 0.012(3) 0.020(3) 0.002(2) 0.003(2) 0.001(2)  
C1 0.020(5) 0.021(5) 0.019(5) 0.000 -0.006(4) 0.000  
C2 0.025(4) 0.016(3) 0.023(4) 0.001(3) -0.001(3) 0.003(3)  
C3 0.026(4) 0.016(3) 0.030(4) 0.005(3) 0.008(3) 0.000(3)  
C4 0.029(4) 0.019(3) 0.015(3) 0.006(3) -0.001(3) -0.001(3)  
C5 0.022(4) 0.023(3) 0.013(3) 0.001(3) 0.001(3) -0.002(3)  
C6 0.022(4) 0.015(3) 0.019(4) -0.001(3) 0.002(3) 0.002(3)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Bi1 C1 2.227(10) . ?  
Bi1 N1 2.508(6) . ?  
Bi1 N1 2.508(6) 4_575 ?  
Bi1 Br1 2.8425(10) . ?  
Bi1 Br1 2.8425(10) 4_575 ?  
N1 C2 1.329(9) . ?  
N1 C6 1.356(9) . ?  
C1 H1A 0.979(10) . ?  
C1 H1B 0.981(10) . ?  
C2 C3 1.388(11) . ?  
C2 H2 0.9500 . ?     
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C3 C4 1.373(11) . ?  
C3 H3 0.9500 . ?  
C4 C5 1.414(10) . ?  
C4 H4 0.9500 . ?  
C5 C6 1.422(10) . ?  
C5 C7 1.443(10) . ?  
C6 C6 1.433(13) 4_575 ?  
C7 C7 1.357(16) 4_575 ?  
C7 H7 0.9500 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 Bi1 N1 86.5(3) . . ?  
C1 Bi1 N1 86.5(3) . 4_575 ?  
N1 Bi1 N1 66.7(3) . 4_575 ?  
C1 Bi1 Br1 86.51(16) . . ?  
N1 Bi1 Br1 88.88(14) . . ?  
N1 Bi1 Br1 154.98(14) 4_575 . ?  
C1 Bi1 Br1 86.51(16) . 4_575 ?  
N1 Bi1 Br1 154.98(13) . 4_575 ?  
N1 Bi1 Br1 88.88(14) 4_575 4_575 ?  
Br1 Bi1 Br1 114.63(4) . 4_575 ?  
C2 N1 C6 119.2(7) . . ?  
C2 N1 Bi1 123.6(5) . . ?  
C6 N1 Bi1 117.2(4) . . ?  
Bi1 C1 H1A 111(5) . . ?  
Bi1 C1 H1B 109(8) . . ?  
H1A C1 H1B 108(6) . . ?  
N1 C2 C3 123.1(7) . . ?  
N1 C2 H2 118.5 . . ?  
C3 C2 H2 118.5 . . ?  
C4 C3 C2 119.3(7) . . ?  
C4 C3 H3 120.4 . . ?  
C2 C3 H3 120.4 . . ?  
C3 C4 C5 119.4(7) . . ?  
C3 C4 H4 120.3 . . ?  
C5 C4 H4 120.3 . . ?  
C4 C5 C6 117.6(7) . . ?  
C4 C5 C7 122.4(7) . . ?  
C6 C5 C7 120.0(7) . . ?  
N1 C6 C5 121.4(6) . . ?  
N1 C6 C6 119.2(4) . 4_575 ?  
C5 C6 C6 119.3(4) . 4_575 ?  
C7 C7 C5 120.6(4) 4_575 . ?  
C7 C7 H7 119.7 4_575 . ?  
C5 C7 H7 119.7 . . ?  
  
_diffrn_measured_fraction_theta_max    0.970  226 
 
_diffrn_reflns_theta_full              27.64  
_diffrn_measured_fraction_theta_full   0.970  
_refine_diff_density_max    1.992  
_refine_diff_density_min   -1.958  








_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '2011-03-13' 




 dibromo-methyl(N,N,N',N'-tetramethylethane-1,2-diamine-N,N')bismuth(III)  
 tetrahydrofuran solvate  
;  
 
# Me2NCH2CH2NMe2 = C6H16N2 = tmeda 
# 1,2-bis(dimethylamino)ethane  
# N,N,N',N'-tetramethylethylenediamine 
# N,N,N',N'-tetramethyl-1,2-diamino-ethane 
# N,N,N',N'-tetramethylethane-1,2-diamine  (from iLab naming (defaults)) 
# N,N,N',N'-tetramethylethane-1,2-diamine  (Chemspider) 
# N,N,N',N'-Tetramethyl-1,2-ethanediamine  (Chemspider alternative) 
 
 
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C7 H19 Bi Br2 N2, C4 H8 O' 
_chemical_formula_sum            'C11 H27 Bi Br2 N2 O'  
_chemical_formula_weight          572.15  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2901   2.4595  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Bi'  'Bi'  -4.1077  10.2566  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060     
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 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 
_symmetry_cell_setting            monoclinic  
_symmetry_space_group_name_H-M    'P 21/c'          
_space_group_name_Hall            '-P 2ybc'  





 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    6.838(3)  
_cell_length_b                    23.310(8)  
_cell_length_c                    11.239(4)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  99.83(3)  
_cell_angle_gamma                 90.00  
_cell_volume                      1765.1(12)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     120(2) 
_cell_measurement_reflns_used     55121 
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48 
  
_exptl_crystal_description        block 
_exptl_crystal_colour             colourless 
_exptl_crystal_size_max           0.12  
_exptl_crystal_size_mid           0.07  
_exptl_crystal_size_min           0.03  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.153  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1072  
_exptl_absorpt_coefficient_mu     14.507  
_exptl_absorpt_correction_type    multi-scan 
_exptl_absorpt_correction_T_min   0.3597  
_exptl_absorpt_correction_T_max   0.7456  
_exptl_absorpt_process_details     




 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source           'Bruker-Nonius FR591 rotating anode'  228 
 
_diffrn_radiation_monochromator    'graphite' 
_diffrn_measurement_device_type  
                        'Bruker-Nonius 95mm CCD camera on \k-goniostat'  
_diffrn_measurement_method         '\f & \w scans' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0 
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             22375  
_diffrn_reflns_av_R_equivalents   0.1198  
_diffrn_reflns_av_sigmaI/netI     0.0764  
_diffrn_reflns_limit_h_min        -8  
_diffrn_reflns_limit_h_max        8  
_diffrn_reflns_limit_k_min        -28  
_diffrn_reflns_limit_k_max        28  
_diffrn_reflns_limit_l_min        -13  
_diffrn_reflns_limit_l_max        13  
_diffrn_reflns_theta_min          3.15  
_diffrn_reflns_theta_max          26.00  
_reflns_number_total              3447  
_reflns_number_gt                 2686  
_reflns_threshold_expression      I>2\s(I)  
 
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'DIRDIF-99 (Beurskens, 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0445P)^2^+38.9801P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?     
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_refine_ls_number_reflns          3447  
_refine_ls_number_parameters      154  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0852  
_refine_ls_R_factor_gt            0.0604  
_refine_ls_wR_factor_ref          0.1373  
_refine_ls_wR_factor_gt           0.1266  
_refine_ls_goodness_of_fit_ref    1.051  
_refine_ls_restrained_S_all       1.051  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Bi1 Bi 0.98284(7) 0.65930(2) 0.18948(4) 0.02523(17) Uani 1 1 d . . .  
Br1 Br 1.26366(19) 0.56577(6) 0.22390(13) 0.0347(3) Uani 1 1 d . . .  
Br2 Br 1.1030(2) 0.74304(7) 0.37531(13) 0.0368(4) Uani 1 1 d . . .  
O1 O 0.4451(17) 0.8798(5) 0.1811(10) 0.054(3) Uani 1 1 d . . .  
N1 N 0.7861(16) 0.6002(5) 0.0244(10) 0.033(3) Uani 1 1 d . . .  
N2 N 0.6751(16) 0.7165(6) 0.1111(11) 0.037(3) Uani 1 1 d . . .  
C1  C 0.8305(19) 0.6145(7) 0.3235(13) 0.035(3) Uani 1 1 d . . .  
H1A H 0.8796 0.6296 0.4045 0.053 Uiso 1 1 calc R . .  
H1B H 0.8580 0.5733 0.3219 0.053 Uiso 1 1 calc R . .  
H1C H 0.6871 0.6210 0.3030 0.053 Uiso 1 1 calc R . .  
C2  C 0.749(2) 0.5406(7) 0.0580(16) 0.047(4) Uani 1 1 d . . .  
H2A H 0.8765 0.5210 0.0836 0.071 Uiso 1 1 calc R . .  
H2B H 0.6739 0.5206 -0.0117 0.071 Uiso 1 1 calc R . .  
H2C H 0.6736 0.5405 0.1246 0.071 Uiso 1 1 calc R . .  
C3  C 0.906(2) 0.5993(7) -0.0743(12) 0.038(3) Uani 1 1 d . . .  
H3A H 0.9310 0.6387 -0.0979 0.056 Uiso 1 1 calc R . .  
H3B H 0.8326 0.5786 -0.1439 0.056 Uiso 1 1 calc R . .  
H3C H 1.0322 0.5798 -0.0461 0.056 Uiso 1 1 calc R . .  
C4  C 0.593(2) 0.6296(8) -0.0138(14) 0.047(4) Uani 1 1 d . . .  
H4A H 0.5362 0.6169 -0.0965 0.056 Uiso 1 1 calc R . .  
H4B H 0.5008 0.6178 0.0405 0.056 Uiso 1 1 calc R . .  
C5  C 0.609(2) 0.6923(8) -0.0123(14) 0.050(4) Uani 1 1 d . . .  
H5A H 0.4777 0.7087 -0.0464 0.060 Uiso 1 1 calc R . .  
H5B H 0.7038 0.7040 -0.0650 0.060 Uiso 1 1 calc R . .  
C6  C 0.521(2) 0.7169(7) 0.1875(14) 0.043(4) Uani 1 1 d . . .  
H6A H 0.4780 0.6775 0.1989 0.065 Uiso 1 1 calc R . .  
H6B H 0.4080 0.7398 0.1486 0.065 Uiso 1 1 calc R . .  
H6C H 0.5754 0.7338 0.2662 0.065 Uiso 1 1 calc R . .  230 
 
C7  C 0.737(3) 0.7761(7) 0.0940(16) 0.052(4) Uani 1 1 d . . .  
H7A H 0.8399 0.7765 0.0435 0.077 Uiso 1 1 calc R . .  
H7B H 0.7886 0.7932 0.1728 0.077 Uiso 1 1 calc R . .  
H7C H 0.6219 0.7983 0.0546 0.077 Uiso 1 1 calc R . .  
C8  C 0.485(3) 0.9217(8) 0.0975(16) 0.053(4) Uani 1 1 d . . .  
H8A H 0.4995 0.9036 0.0198 0.063 Uiso 1 1 calc R . .  
H8B H 0.6089 0.9426 0.1293 0.063 Uiso 1 1 calc R . .  
C9  C 0.310(2) 0.9621(7) 0.0803(15) 0.047(4) Uani 1 1 d . . .  
H9A H 0.2575 0.9675 -0.0067 0.056 Uiso 1 1 calc R . .  
H9B H 0.3491 1.0000 0.1164 0.056 Uiso 1 1 calc R . .  
C10  C 0.152(3) 0.9344(8) 0.1438(18) 0.059(5) Uani 1 1 d . . .  
H10A H 0.1415 0.9544 0.2201 0.070 Uiso 1 1 calc R . .  
H10B H 0.0202 0.9341 0.0910 0.070 Uiso 1 1 calc R . .  
C11  C 0.233(2) 0.8741(8) 0.1673(17) 0.052(4) Uani 1 1 d . . .  
H11A H 0.1940 0.8581 0.2415 0.062 Uiso 1 1 calc R . .  
H11B H 0.1819 0.8485 0.0986 0.062 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Bi1 0.0206(2) 0.0266(3) 0.0280(3) -0.0008(2) 0.00270(18) -0.0006(2)  
Br1 0.0266(7) 0.0336(8) 0.0424(8) 0.0016(6) 0.0014(6) 0.0035(6)  
Br2 0.0330(7) 0.0388(9) 0.0386(8) -0.0093(6) 0.0058(6) -0.0092(6)  
O1 0.059(7) 0.048(7) 0.053(7) 0.008(6) 0.008(6) 0.003(6)  
N1 0.029(6) 0.030(7) 0.037(6) 0.000(5) -0.004(5) 0.004(5)  
N2 0.026(6) 0.044(8) 0.042(7) -0.008(6) 0.005(5) 0.010(5)  
C1 0.020(6) 0.050(10) 0.037(8) -0.002(7) 0.010(6) -0.010(6)  
C2 0.042(9) 0.034(10) 0.067(11) -0.018(8) 0.011(8) -0.004(7)  
C3 0.046(9) 0.036(9) 0.028(7) 0.001(6) -0.001(6) 0.003(7)  
C4 0.042(9) 0.059(12) 0.034(8) -0.012(8) -0.008(7) 0.014(8)  
C5 0.049(9) 0.057(12) 0.034(8) -0.010(8) -0.022(7) 0.022(8)  
C6 0.037(8) 0.046(10) 0.050(9) 0.021(8) 0.016(7) -0.001(7)  
C7 0.067(11) 0.040(10) 0.053(10) 0.011(8) 0.025(9) 0.018(8)  
C8 0.057(10) 0.047(11) 0.060(11) 0.010(9) 0.026(9) -0.002(8)  
C9 0.044(9) 0.043(10) 0.052(10) -0.006(8) 0.007(8) 0.005(7)  
C10 0.052(10) 0.063(13) 0.064(11) 0.005(10) 0.017(9) 0.001(9)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  
 treatment of cell esds is used for estimating esds involving l.s. planes.  
;  
  
loop_     
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 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Bi1 C1 2.231(13) . ?  
Bi1 N1 2.509(11) . ?  
Bi1 N2 2.520(11) . ?  
Bi1 Br2 2.8743(16) . ?  
Bi1 Br1 2.8873(16) . ?  
O1 C8 1.414(19) . ?  
O1 C11 1.440(19) . ?  
N1 C2 1.47(2) . ?  
N1 C4 1.482(18) . ?  
N1 C3 1.486(18) . ?  
N2 C6 1.467(18) . ?  
N2 C7 1.47(2) . ?  
N2 C5 1.495(18) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
C3 H3A 0.9800 . ?  
C3 H3B 0.9800 . ?  
C3 H3C 0.9800 . ?  
C4 C5 1.46(2) . ?  
C4 H4A 0.9900 . ?  
C4 H4B 0.9900 . ?  
C5 H5A 0.9900 . ?  
C5 H5B 0.9900 . ?  
C6 H6A 0.9800 . ?  
C6 H6B 0.9800 . ?  
C6 H6C 0.9800 . ?  
C7 H7A 0.9800 . ?  
C7 H7B 0.9800 . ?  
C7 H7C 0.9800 . ?  
C8 C9 1.51(2) . ?  
C8 H8A 0.9900 . ?  
C8 H8B 0.9900 . ?  
C9 C10 1.53(2) . ?  
C9 H9A 0.9900 . ?  
C9 H9B 0.9900 . ?  
C10 C11 1.52(2) . ?  
C10 H10A 0.9900 . ?  
C10 H10B 0.9900 . ?  
C11 H11A 0.9900 . ?  
C11 H11B 0.9900 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  232 
 
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 Bi1 N1 89.4(5) . . ?  
C1 Bi1 N2 91.5(5) . . ?  
N1 Bi1 N2 73.8(4) . . ?  
C1 Bi1 Br2 86.3(4) . . ?  
N1 Bi1 Br2 163.9(3) . . ?  
N2 Bi1 Br2 90.7(3) . . ?  
C1 Bi1 Br1 86.1(4) . . ?  
N1 Bi1 Br1 86.9(3) . . ?  
N2 Bi1 Br1 160.6(3) . . ?  
Br2 Bi1 Br1 108.32(5) . . ?  
C8 O1 C11 107.3(13) . . ?  
C2 N1 C4 109.1(12) . . ?  
C2 N1 C3 108.4(11) . . ?  
C4 N1 C3 111.5(11) . . ?  
C2 N1 Bi1 114.9(9) . . ?  
C4 N1 Bi1 107.4(9) . . ?  
C3 N1 Bi1 105.5(8) . . ?  
C6 N2 C7 108.6(12) . . ?  
C6 N2 C5 114.3(13) . . ?  
C7 N2 C5 106.5(13) . . ?  
C6 N2 Bi1 116.0(9) . . ?  
C7 N2 Bi1 107.7(9) . . ?  
C5 N2 Bi1 103.2(8) . . ?  
Bi1 C1 H1A 109.5 . . ?  
Bi1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Bi1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
N1 C2 H2A 109.5 . . ?  
N1 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
N1 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  
N1 C3 H3A 109.5 . . ?  
N1 C3 H3B 109.5 . . ?  
H3A C3 H3B 109.5 . . ?  
N1 C3 H3C 109.5 . . ?  
H3A C3 H3C 109.5 . . ?  
H3B C3 H3C 109.5 . . ?  
C5 C4 N1 113.5(14) . . ?  
C5 C4 H4A 108.9 . . ?  
N1 C4 H4A 108.9 . . ?  
C5 C4 H4B 108.9 . . ?  
N1 C4 H4B 108.9 . . ?  
H4A C4 H4B 107.7 . . ?  
C4 C5 N2 113.4(13) . . ?  
C4 C5 H5A 108.9 . . ?  
N2 C5 H5A 108.9 . . ?     
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C4 C5 H5B 108.9 . . ?  
N2 C5 H5B 108.9 . . ?  
H5A C5 H5B 107.7 . . ?  
N2 C6 H6A 109.5 . . ?  
N2 C6 H6B 109.5 . . ?  
H6A C6 H6B 109.5 . . ?  
N2 C6 H6C 109.5 . . ?  
H6A C6 H6C 109.5 . . ?  
H6B C6 H6C 109.5 . . ?  
N2 C7 H7A 109.5 . . ?  
N2 C7 H7B 109.5 . . ?  
H7A C7 H7B 109.5 . . ?  
N2 C7 H7C 109.5 . . ?  
H7A C7 H7C 109.5 . . ?  
H7B C7 H7C 109.5 . . ?  
O1 C8 C9 106.1(13) . . ?  
O1 C8 H8A 110.5 . . ?  
C9 C8 H8A 110.5 . . ?  
O1 C8 H8B 110.5 . . ?  
C9 C8 H8B 110.5 . . ?  
H8A C8 H8B 108.7 . . ?  
C8 C9 C10 106.5(14) . . ?  
C8 C9 H9A 110.4 . . ?  
C10 C9 H9A 110.4 . . ?  
C8 C9 H9B 110.4 . . ?  
C10 C9 H9B 110.4 . . ?  
H9A C9 H9B 108.6 . . ?  
C11 C10 C9 102.0(14) . . ?  
C11 C10 H10A 111.4 . . ?  
C9 C10 H10A 111.4 . . ?  
C11 C10 H10B 111.4 . . ?  
C9 C10 H10B 111.4 . . ?  
H10A C10 H10B 109.2 . . ?  
O1 C11 C10 105.3(14) . . ?  
O1 C11 H11A 110.7 . . ?  
C10 C11 H11A 110.7 . . ?  
O1 C11 H11B 110.7 . . ?  
C10 C11 H11B 110.7 . . ?  
H11A C11 H11B 108.8 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C1 Bi1 N1 C2 -36.4(10) . . . . ?  
N2 Bi1 N1 C2 -128.1(10) . . . . ?  
Br2 Bi1 N1 C2 -110.9(11) . . . . ?  234 
 
Br1 Bi1 N1 C2 49.7(9) . . . . ?  
C1 Bi1 N1 C4 85.2(10) . . . . ?  
N2 Bi1 N1 C4 -6.5(10) . . . . ?  
Br2 Bi1 N1 C4 10.8(17) . . . . ?  
Br1 Bi1 N1 C4 171.4(10) . . . . ?  
C1 Bi1 N1 C3 -155.8(9) . . . . ?  
N2 Bi1 N1 C3 112.5(9) . . . . ?  
Br2 Bi1 N1 C3 129.8(9) . . . . ?  
Br1 Bi1 N1 C3 -69.6(8) . . . . ?  
C1 Bi1 N2 C6 15.2(11) . . . . ?  
N1 Bi1 N2 C6 104.2(11) . . . . ?  
Br2 Bi1 N2 C6 -71.1(10) . . . . ?  
Br1 Bi1 N2 C6 97.8(12) . . . . ?  
C1 Bi1 N2 C7 137.1(10) . . . . ?  
N1 Bi1 N2 C7 -134.0(10) . . . . ?  
Br2 Bi1 N2 C7 50.8(9) . . . . ?  
Br1 Bi1 N2 C7 -140.4(9) . . . . ?  
C1 Bi1 N2 C5 -110.5(11) . . . . ?  
N1 Bi1 N2 C5 -21.6(10) . . . . ?  
Br2 Bi1 N2 C5 163.2(10) . . . . ?  
Br1 Bi1 N2 C5 -28.0(16) . . . . ?  
C2 N1 C4 C5 161.7(14) . . . . ?  
C3 N1 C4 C5 -78.5(16) . . . . ?  
Bi1 N1 C4 C5 36.5(15) . . . . ?  
N1 C4 C5 N2 -64.2(19) . . . . ?  
C6 N2 C5 C4 -75.6(17) . . . . ?  
C7 N2 C5 C4 164.5(14) . . . . ?  
Bi1 N2 C5 C4 51.2(15) . . . . ?  
C11 O1 C8 C9 29.1(18) . . . . ?  
O1 C8 C9 C10 -9.3(19) . . . . ?  
C8 C9 C10 C11 -12.4(19) . . . . ?  
C8 O1 C11 C10 -37.7(18) . . . . ?  
C9 C10 C11 O1 29.7(18) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.994  
_diffrn_reflns_theta_full              26.00  
_diffrn_measured_fraction_theta_full   0.994  
_refine_diff_density_max    2.521  
_refine_diff_density_min   -1.844  








_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '201-03-20' 




;     
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 dichloro-methyl(N,N,N',N'-tetramethylethane-1,2-diamine-N,N')bismuth(III)  
; 
 
# Me2NCH2CH2NMe2 = C6H16N2 = tmeda 
# 1,2-bis(dimethylamino)ethane  
# N,N,N',N'-tetramethylethylenediamine 
# N,N,N',N'-tetramethyl-1,2-diamino-ethane 
# N,N,N',N'-tetramethylethane-1,2-diamine  (from iLab naming (defaults)) 
# N,N,N',N'-tetramethylethane-1,2-diamine  (Chemspider) 
# N,N,N',N'-Tetramethyl-1,2-ethanediamine  (Chemspider alternative) 
  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C7 H19 Bi Cl2 N2'   
_chemical_formula_sum            'C7 H19 Bi Cl2 N2'  
_chemical_formula_weight          411.12  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cl'  'Cl'   0.1484   0.1585  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Bi'  'Bi'  -4.1077  10.2566  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            monoclinic  
_symmetry_space_group_name_H-M    'P 21/n' 
_space_group_IT_number             14          




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 'x+1/2, -y+1/2, z+1/2'  
 '-x, -y, -z'  
 '-x-1/2, y-1/2, -z-1/2'  
  
_cell_length_a                    7.987(3)  
_cell_length_b                    14.811(5)  
_cell_length_c                    10.903(4)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  96.12(3)  
_cell_angle_gamma                 90.00  
_cell_volume                      1282.5(7)  236 
 
_cell_formula_units_Z             4  
_cell_measurement_temperature     120(2)  
_cell_measurement_reflns_used     44959  
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48 
  
_exptl_crystal_description        block  
_exptl_crystal_colour             colourless 
_exptl_crystal_size_max           0.18  
_exptl_crystal_size_mid           0.04  
_exptl_crystal_size_min           0.04  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.129  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              768  
_exptl_absorpt_coefficient_mu     14.125  
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.5193 # Expt'l Tmin & Tmax  
_exptl_absorpt_correction_T_max   1.0000  
_exptl_absorpt_process_details    






 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source          'Bruker-Nonius FR591 rotating anode'  
_diffrn_radiation_monochromator   '10cm confocal mirrors' 
_diffrn_measurement_device_type   
                       'Bruker-Nonius APEX II CCD camera on \k-goniostat'  
_diffrn_measurement_method        '\f & \w scans' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             13034  
_diffrn_reflns_av_R_equivalents   0.0556  
_diffrn_reflns_av_sigmaI/netI     0.0437  
_diffrn_reflns_limit_h_min        -10  
_diffrn_reflns_limit_h_max        9  
_diffrn_reflns_limit_k_min        -19  
_diffrn_reflns_limit_k_max        19  
_diffrn_reflns_limit_l_min        -13  
_diffrn_reflns_limit_l_max        14  
_diffrn_reflns_theta_min          3.76  
_diffrn_reflns_theta_max          27.68  
_reflns_number_total              2862     
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_reflns_number_gt                 2560  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'SHELXS-97 (Sheldrick, 1997)'  
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0000P)^2^+56.1200P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          2862  
_refine_ls_number_parameters      114  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0659  
_refine_ls_R_factor_gt            0.0580  
_refine_ls_wR_factor_ref          0.1512  
_refine_ls_wR_factor_gt           0.1455  
_refine_ls_goodness_of_fit_ref    1.194  
_refine_ls_restrained_S_all       1.194  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  238 
 
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Bi1 Bi 0.02803(6) 0.59493(3) 0.15553(5) 0.02788(18) Uani 1 1 d . . .  
Cl1 Cl -0.1777(5) 0.5390(3) 0.3141(4) 0.0463(9) Uani 1 1 d . . .  
Cl2 Cl -0.1813(5) 0.6354(2) -0.0553(4) 0.0404(8) Uani 1 1 d . . .  
N1 N 0.2584(14) 0.5822(8) 0.3307(11) 0.033(3) Uani 1 1 d . . .  
N2 N 0.2984(16) 0.6521(9) 0.0722(12) 0.039(3) Uani 1 1 d . . .  
C1  C -0.026(2) 0.7356(11) 0.2120(16) 0.049(4) Uani 1 1 d . . .  
H1A H 0.0674 0.7576 0.2701 0.073 Uiso 1 1 calc R . .  
H1B H -0.1302 0.7366 0.2517 0.073 Uiso 1 1 calc R . .  
H1C H -0.0382 0.7747 0.1390 0.073 Uiso 1 1 calc R . .  
C2  C 0.285(3) 0.4867(12) 0.3483(17) 0.054(5) Uani 1 1 d . . .  
H2A H 0.3764 0.4768 0.4146 0.080 Uiso 1 1 calc R . .  
H2B H 0.3164 0.4598 0.2718 0.080 Uiso 1 1 calc R . .  
H2C H 0.1818 0.4584 0.3705 0.080 Uiso 1 1 calc R . .  
C3  C 0.219(2) 0.6198(11) 0.4497(14) 0.039(3) Uani 1 1 d . . .  
H3A H 0.1146 0.5929 0.4723 0.059 Uiso 1 1 calc R . .  
H3B H 0.2053 0.6854 0.4422 0.059 Uiso 1 1 calc R . .  
H3C H 0.3114 0.6062 0.5136 0.059 Uiso 1 1 calc R . .  
C4  C 0.4066(19) 0.6312(13) 0.2924(15) 0.043(4) Uani 1 1 d . . .  
H4A H 0.5081 0.6128 0.3469 0.052 Uiso 1 1 calc R . .  
H4B H 0.3902 0.6968 0.3039 0.052 Uiso 1 1 calc R . .  
C5  C 0.4365(18) 0.6140(11) 0.1608(13) 0.036(3) Uani 1 1 d . . .  
H5A H 0.5450 0.6415 0.1448 0.043 Uiso 1 1 calc R . .  
H5B H 0.4444 0.5481 0.1472 0.043 Uiso 1 1 calc R . .  
C6  C 0.304(2) 0.6083(11) -0.0515(15) 0.044(4) Uani 1 1 d . . .  
H6A H 0.2085 0.6296 -0.1083 0.066 Uiso 1 1 calc R . .  
H6B H 0.2967 0.5426 -0.0427 0.066 Uiso 1 1 calc R . .  
H6C H 0.4094 0.6241 -0.0844 0.066 Uiso 1 1 calc R . .  
C7  C 0.313(3) 0.7506(12) 0.060(2) 0.059(5) Uani 1 1 d . . .  
H7A H 0.3142 0.7786 0.1416 0.089 Uiso 1 1 calc R . .  
H7B H 0.2159 0.7734 0.0060 0.089 Uiso 1 1 calc R . .  
H7C H 0.4168 0.7653 0.0246 0.089 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Bi1 0.0261(3) 0.0269(3) 0.0303(3) 0.0003(2) 0.00160(18) 0.00245(19)  
Cl1 0.0344(19) 0.068(3) 0.0380(19) 0.0100(18) 0.0110(15) -0.0014(17)  
Cl2 0.048(2) 0.0314(17) 0.0388(19) -0.0010(15) -0.0088(15) 0.0047(15)  
N1 0.029(6) 0.036(6) 0.033(6) 0.003(5) 0.005(5) 0.004(5)  
N2 0.035(7) 0.036(7) 0.045(7) 0.007(6) 0.006(5) -0.006(5)  
C1 0.057(10) 0.041(9) 0.045(9) -0.011(7) -0.007(8) 0.012(8)  
C2 0.064(11) 0.044(9) 0.048(10) -0.004(8) -0.014(8) 0.019(8)  
C3 0.045(9) 0.039(8) 0.032(8) 0.000(6) -0.003(6) -0.005(7)  
C4 0.027(7) 0.061(10) 0.041(9) -0.009(8) 0.002(6) -0.011(7)     
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C5 0.027(7) 0.054(9) 0.028(7) -0.004(6) 0.005(5) -0.001(6)  
C6 0.049(9) 0.046(9) 0.040(8) 0.000(7) 0.018(7) -0.002(7)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Bi1 C1 2.228(16) . ?  
Bi1 N1 2.514(12) . ?  
Bi1 N2 2.574(12) . ?  
Bi1 Cl1 2.642(4) . ?  
Bi1 Cl2 2.761(4) . ?  
N1 C2 1.44(2) . ?  
N1 C3 1.476(19) . ?  
N1 C4 1.486(19) . ?  
N2 C7 1.47(2) . ?  
N2 C5 1.497(19) . ?  
N2 C6 1.50(2) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
C3 H3A 0.9800 . ?  
C3 H3B 0.9800 . ?  
C3 H3C 0.9800 . ?  
C4 C5 1.50(2) . ?  
C4 H4A 0.9900 . ?  
C4 H4B 0.9900 . ?  
C5 H5A 0.9900 . ?  
C5 H5B 0.9900 . ?  
C6 H6A 0.9800 . ?  
C6 H6B 0.9800 . ?  
C6 H6C 0.9800 . ?  
C7 H7A 0.9800 . ?  
C7 H7B 0.9800 . ?  
C7 H7C 0.9800 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  240 
 
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 Bi1 N1 90.4(5) . . ?  
C1 Bi1 N2 89.0(6) . . ?  
N1 Bi1 N2 73.7(4) . . ?  
C1 Bi1 Cl1 87.8(5) . . ?  
N1 Bi1 Cl1 86.3(3) . . ?  
N2 Bi1 Cl1 159.7(3) . . ?  
C1 Bi1 Cl2 84.8(4) . . ?  
N1 Bi1 Cl2 168.0(3) . . ?  
N2 Bi1 Cl2 95.2(3) . . ?  
Cl1 Bi1 Cl2 104.43(13) . . ?  
C2 N1 C3 107.2(13) . . ?  
C2 N1 C4 113.8(14) . . ?  
C3 N1 C4 108.2(12) . . ?  
C2 N1 Bi1 105.2(9) . . ?  
C3 N1 Bi1 115.6(9) . . ?  
C4 N1 Bi1 106.9(9) . . ?  
C7 N2 C5 112.0(14) . . ?  
C7 N2 C6 109.8(14) . . ?  
C5 N2 C6 109.1(12) . . ?  
C7 N2 Bi1 115.7(11) . . ?  
C5 N2 Bi1 103.7(8) . . ?  
C6 N2 Bi1 106.2(9) . . ?  
Bi1 C1 H1A 109.5 . . ?  
Bi1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Bi1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
N1 C2 H2A 109.5 . . ?  
N1 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
N1 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  
N1 C3 H3A 109.5 . . ?  
N1 C3 H3B 109.5 . . ?  
H3A C3 H3B 109.5 . . ?  
N1 C3 H3C 109.5 . . ?  
H3A C3 H3C 109.5 . . ?  
H3B C3 H3C 109.5 . . ?  
N1 C4 C5 113.4(12) . . ?  
N1 C4 H4A 108.9 . . ?  
C5 C4 H4A 108.9 . . ?  
N1 C4 H4B 108.9 . . ?  
C5 C4 H4B 108.9 . . ?  
H4A C4 H4B 107.7 . . ?  
N2 C5 C4 111.8(13) . . ?  
N2 C5 H5A 109.3 . . ?     
241 
 
C4 C5 H5A 109.3 . . ?  
N2 C5 H5B 109.3 . . ?  
C4 C5 H5B 109.3 . . ?  
H5A C5 H5B 107.9 . . ?  
N2 C6 H6A 109.5 . . ?  
N2 C6 H6B 109.5 . . ?  
H6A C6 H6B 109.5 . . ?  
N2 C6 H6C 109.5 . . ?  
H6A C6 H6C 109.5 . . ?  
H6B C6 H6C 109.5 . . ?  
N2 C7 H7A 109.5 . . ?  
N2 C7 H7B 109.5 . . ?  
H7A C7 H7B 109.5 . . ?  
N2 C7 H7C 109.5 . . ?  
H7A C7 H7C 109.5 . . ?  
H7B C7 H7C 109.5 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C1 Bi1 N1 C2 160.6(12) . . . . ?  
N2 Bi1 N1 C2 -110.5(11) . . . . ?  
Cl1 Bi1 N1 C2 72.9(11) . . . . ?  
Cl2 Bi1 N1 C2 -133.1(14) . . . . ?  
C1 Bi1 N1 C3 42.5(11) . . . . ?  
N2 Bi1 N1 C3 131.4(10) . . . . ?  
Cl1 Bi1 N1 C3 -45.2(9) . . . . ?  
Cl2 Bi1 N1 C3 108.8(14) . . . . ?  
C1 Bi1 N1 C4 -78.0(11) . . . . ?  
N2 Bi1 N1 C4 10.8(9) . . . . ?  
Cl1 Bi1 N1 C4 -165.8(9) . . . . ?  
Cl2 Bi1 N1 C4 -12(2) . . . . ?  
C1 Bi1 N2 C7 -13.2(13) . . . . ?  
N1 Bi1 N2 C7 -103.9(13) . . . . ?  
Cl1 Bi1 N2 C7 -94.1(15) . . . . ?  
Cl2 Bi1 N2 C7 71.5(13) . . . . ?  
C1 Bi1 N2 C5 109.8(10) . . . . ?  
N1 Bi1 N2 C5 19.1(9) . . . . ?  
Cl1 Bi1 N2 C5 28.9(15) . . . . ?  
Cl2 Bi1 N2 C5 -165.5(9) . . . . ?  
C1 Bi1 N2 C6 -135.3(10) . . . . ?  
N1 Bi1 N2 C6 134.0(10) . . . . ?  
Cl1 Bi1 N2 C6 143.8(9) . . . . ?  
Cl2 Bi1 N2 C6 -50.6(9) . . . . ?  
C2 N1 C4 C5 73.6(18) . . . . ?  
C3 N1 C4 C5 -167.3(14) . . . . ?  242 
 
Bi1 N1 C4 C5 -42.1(16) . . . . ?  
C7 N2 C5 C4 76.6(17) . . . . ?  
C6 N2 C5 C4 -161.7(13) . . . . ?  
Bi1 N2 C5 C4 -48.8(14) . . . . ?  
N1 C4 C5 N2 66.7(18) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.955  
_diffrn_reflns_theta_full              27.68  
_diffrn_measured_fraction_theta_full   0.955  
_refine_diff_density_max    2.456  
_refine_diff_density_min   -1.562  








_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '2010-10-25' 
_audit_author_name              'Benjamin, S.L.' 
_audit_update_record             





 aquabis(1,10-phenanthroline)lithium  bis(1,10-phenanthroline)lithium- 
 (mu-bromo)tribromomethylbismuth(III) tetrahydofuran solvate 
;  
 
# C12H8N2 = phen = 1,10-phen 
# 1,10-phenanthroline (iLab defaults & selected options) 
# 1,10-phenanthroline (chemspider) 
 
 
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety          
     'C24 H18 Li N4 O 1+, C25 H19 Bi Br4 Li N4 1-, C4 H8 O'  
_chemical_formula_sum            'C53 H45 Bi Br4 Li2 N8 O2'  
_chemical_formula_weight          1368.47  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'     
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 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2901   2.4595  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Bi'  'Bi'  -4.1077  10.2566  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Li'  'Li'  -0.0003   0.0001  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 
_symmetry_cell_setting           Triclinic 
_symmetry_space_group_name_H-M   'P -1' 
_space_group_name_Hall       '-P 1' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    9.4987(10)  
_cell_length_b                    13.0605(10)  
_cell_length_c                    20.999(2)  
_cell_angle_alpha                 99.194(5)  
_cell_angle_beta                  94.631(5)  
_cell_angle_gamma                 95.140(5)  
_cell_volume                      2549.3(4)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     120(2)  
_cell_measurement_reflns_used     38783  
_cell_measurement_theta_min       2.91  
_cell_measurement_theta_max       27.48 
  
_exptl_crystal_description        block  
_exptl_crystal_colour             colourless 
_exptl_crystal_size_max           0.20  
_exptl_crystal_size_mid           0.19  
_exptl_crystal_size_min           0.18  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.783  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1328  
_exptl_absorpt_coefficient_mu     6.642  
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.8059 # Expt'l Tmin & Tmax   
_exptl_absorpt_correction_T_max   1.0000 # scaled to Tmax=1.0 




 ?  
;  244 
 
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source          'Bruker-Nonius FR591 rotating anode' 
_diffrn_radiation_monochromator   '10cm confocal mirrors' 
_diffrn_measurement_device_type   
                    'Bruker-Nonius APEX II CCD camera on \k-goniostat' 
_diffrn_measurement_method        '\f & \w scans' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0 
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             46390  
_diffrn_reflns_av_R_equivalents   0.0248  
_diffrn_reflns_av_sigmaI/netI     0.0250  
_diffrn_reflns_limit_h_min        -12  
_diffrn_reflns_limit_h_max        12  
_diffrn_reflns_limit_k_min        -16  
_diffrn_reflns_limit_k_max        16  
_diffrn_reflns_limit_l_min        -27  
_diffrn_reflns_limit_l_max        27  
_diffrn_reflns_theta_min          2.96  
_diffrn_reflns_theta_max          27.55  
_reflns_number_total              11665  
_reflns_number_gt                 10599  
_reflns_threshold_expression      I>2sigma(I)  
  
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'SHELXS-97 (Sheldrick, 1997)'  
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0000P)^2^+4.2880P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct     
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_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom # H on O1 from difmap 
_refine_ls_hydrogen_treatment     'constr (C-H) refxyz (O-H)' # mixed  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          11665  
_refine_ls_number_parameters      639  
_refine_ls_number_restraints      2  
_refine_ls_R_factor_all           0.0287  
_refine_ls_R_factor_gt            0.0231  
_refine_ls_wR_factor_ref          0.0488  
_refine_ls_wR_factor_gt           0.0464  
_refine_ls_goodness_of_fit_ref    1.069  
_refine_ls_restrained_S_all       1.069  
_refine_ls_shift/su_max           0.003  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Bi1 Bi 0.077972(10) 0.622048(7) 0.273823(4) 0.02138(3) Uani 1 1 d . . .  
Br1 Br 0.03343(4) 0.56034(2) 0.130684(13) 0.03769(7) Uani 1 1 d . . .  
Br2 Br -0.05223(3) 0.420933(19) 0.285311(13) 0.02639(6) Uani 1 1 d . . .  
Br3 Br 0.20557(3) 0.82890(2) 0.270517(13) 0.03114(6) Uani 1 1 d . . .  
Br4 Br 0.07305(3) 0.669483(19) 0.407619(12) 0.02303(6) Uani 1 1 d . . .  
O1  O 0.9492(2) 0.35171(16) 0.00984(10) 0.0314(4) Uani 1 1 d D . .  
H1X H 0.970(4) 0.401(2) 0.0398(14) 0.057(9) Uiso 1 1 d D . .  
H2X H 0.945(4) 0.374(3) -0.0248(12) 0.057(9) Uiso 1 1 d D . .  
N1 N 0.1679(2) 0.80737(16) 0.56329(10) 0.0227(4) Uani 1 1 d . . .  
N2 N 0.3206(2) 0.89230(16) 0.47760(10) 0.0219(4) Uani 1 1 d . . .  
N3 N 0.4515(2) 0.66876(17) 0.43908(11) 0.0250(5) Uani 1 1 d . . .  
N4 N 0.4490(2) 0.69611(17) 0.56946(11) 0.0247(5) Uani 1 1 d . . .  
N5 N 0.6662(2) 0.31866(17) 0.08373(11) 0.0255(5) Uani 1 1 d . . .  
N6 N 0.6424(2) 0.27449(18) -0.04752(11) 0.0283(5) Uani 1 1 d . . .  
N7 N 0.7542(2) 0.07471(17) 0.00057(11) 0.0254(5) Uani 1 1 d . . .  
N8 N 0.9458(2) 0.18558(17) 0.09466(10) 0.0247(5) Uani 1 1 d . . .  
C1 C -0.1340(3) 0.6819(2) 0.26038(14) 0.0305(6) Uani 1 1 d . . .  
H1A H -0.2058 0.6237 0.2424 0.046 Uiso 1 1 calc R . .  
H1B H -0.1296 0.7324 0.2305 0.046 Uiso 1 1 calc R . .  
H1C H -0.1595 0.7160 0.3023 0.046 Uiso 1 1 calc R . .  
C2 C 0.0920(3) 0.7663(2) 0.60479(13) 0.0286(6) Uani 1 1 d . . .  
H2 H 0.0956 0.6944 0.6068 0.034 Uiso 1 1 calc R . .  
C3 C 0.0064(3) 0.8225(2) 0.64603(14) 0.0316(6) Uani 1 1 d . . .  246 
 
H3 H -0.0450 0.7895 0.6755 0.038 Uiso 1 1 calc R . .  
C4 C -0.0018(3) 0.9255(2) 0.64317(14) 0.0301(6) Uani 1 1 d . . .  
H4 H -0.0594 0.9650 0.6705 0.036 Uiso 1 1 calc R . .  
C5 C 0.0758(3) 0.9725(2) 0.59931(13) 0.0248(5) Uani 1 1 d . . .  
C6 C 0.0692(3) 1.0794(2) 0.59186(14) 0.0296(6) Uani 1 1 d . . .  
H6 H 0.0123 1.1216 0.6180 0.035 Uiso 1 1 calc R . .  
C7 C 0.1429(3) 1.1206(2) 0.54810(15) 0.0308(6) Uani 1 1 d . . .  
H7 H 0.1372 1.1916 0.5440 0.037 Uiso 1 1 calc R . .  
C8 C 0.2297(3) 1.0597(2) 0.50767(13) 0.0243(5) Uani 1 1 d . . .  
C9 C 0.3037(3) 1.0986(2) 0.45983(14) 0.0302(6) Uani 1 1 d . . .  
H9 H 0.2984 1.1685 0.4533 0.036 Uiso 1 1 calc R . .  
C10 C 0.3835(3) 1.0352(2) 0.42280(14) 0.0309(6) Uani 1 1 d . . .  
H10 H 0.4341 1.0606 0.3903 0.037 Uiso 1 1 calc R . .  
C11 C 0.3896(3) 0.9326(2) 0.43333(13) 0.0262(6) Uani 1 1 d . . .  
H11 H 0.4460 0.8894 0.4075 0.031 Uiso 1 1 calc R . .  
C12 C 0.2396(3) 0.95489(19) 0.51415(12) 0.0211(5) Uani 1 1 d . . .  
C13 C 0.1605(3) 0.91008(19) 0.56032(12) 0.0207(5) Uani 1 1 d . . .  
C14 C 0.4541(3) 0.6579(2) 0.37538(14) 0.0297(6) Uani 1 1 d . . .  
H14 H 0.3823 0.6856 0.3511 0.036 Uiso 1 1 calc R . .  
C15 C 0.5577(3) 0.6076(2) 0.34205(15) 0.0346(7) Uani 1 1 d . . .  
H15 H 0.5551 0.6009 0.2962 0.042 Uiso 1 1 calc R . .  
C16 C 0.6627(3) 0.5681(2) 0.37667(16) 0.0343(7) Uani 1 1 d . . .  
H16 H 0.7334 0.5335 0.3549 0.041 Uiso 1 1 calc R . .  
C17 C 0.6651(3) 0.5790(2) 0.44425(15) 0.0286(6) Uani 1 1 d . . .  
C18 C 0.7733(3) 0.5433(2) 0.48463(16) 0.0335(7) Uani 1 1 d . . .  
H18 H 0.8454 0.5072 0.4650 0.040 Uiso 1 1 calc R . .  
C19 C 0.7749(3) 0.5601(2) 0.54966(16) 0.0347(7) Uani 1 1 d . . .  
H19 H 0.8490 0.5368 0.5751 0.042 Uiso 1 1 calc R . .  
C20 C 0.6666(3) 0.6124(2) 0.58108(15) 0.0284(6) Uani 1 1 d . . .  
C21 C 0.6672(3) 0.6354(2) 0.64878(15) 0.0345(7) Uani 1 1 d . . .  
H21 H 0.7402 0.6146 0.6760 0.041 Uiso 1 1 calc R . .  
C22 C 0.5622(3) 0.6879(2) 0.67524(15) 0.0342(7) Uani 1 1 d . . .  
H22 H 0.5620 0.7051 0.7209 0.041 Uiso 1 1 calc R . .  
C23 C 0.4547(3) 0.7160(2) 0.63374(14) 0.0300(6) Uani 1 1 d . . .  
H23 H 0.3813 0.7514 0.6527 0.036 Uiso 1 1 calc R . .  
C24 C 0.5554(3) 0.64582(19) 0.54308(14) 0.0239(5) Uani 1 1 d . . .  
C25 C 0.5552(3) 0.62992(19) 0.47349(13) 0.0229(5) Uani 1 1 d . . .  
C26 C 0.6818(3) 0.3448(2) 0.14763(14) 0.0323(6) Uani 1 1 d . . .  
H26 H 0.7627 0.3254 0.1707 0.039 Uiso 1 1 calc R . .  
C27 C 0.5854(4) 0.3997(2) 0.18312(17) 0.0433(8) Uani 1 1 d . . .  
H27 H 0.6013 0.4170 0.2290 0.052 Uiso 1 1 calc R . .  
C28 C 0.4698(4) 0.4274(2) 0.15133(19) 0.0460(9) Uani 1 1 d . . .  
H28 H 0.4023 0.4630 0.1749 0.055 Uiso 1 1 calc R . .  
C29 C 0.4488(3) 0.4037(2) 0.08275(18) 0.0371(7) Uani 1 1 d . . .  
C30 C 0.3324(3) 0.4333(2) 0.0455(2) 0.0509(10) Uani 1 1 d . . .  
H30 H 0.2633 0.4703 0.0669 0.061 Uiso 1 1 calc R . .  
C31 C 0.3183(3) 0.4098(3) -0.0199(2) 0.0546(11) Uani 1 1 d . . .  
H31 H 0.2392 0.4302 -0.0436 0.066 Uiso 1 1 calc R . .  
C32 C 0.4213(3) 0.3543(2) -0.05405(18) 0.0409(8) Uani 1 1 d . . .  
C33 C 0.4142(4) 0.3296(3) -0.1220(2) 0.0544(11) Uani 1 1 d . . .  
H33 H 0.3355 0.3464 -0.1478 0.065 Uiso 1 1 calc R . .  
C34 C 0.5195(5) 0.2817(3) -0.15096(18) 0.0540(10) Uani 1 1 d . . .  
H34 H 0.5162 0.2661 -0.1969 0.065 Uiso 1 1 calc R . .  
C35 C 0.6331(4) 0.2558(2) -0.11169(15) 0.0392(7) Uani 1 1 d . . .     
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H35 H 0.7070 0.2233 -0.1322 0.047 Uiso 1 1 calc R . .  
C36 C 0.5387(3) 0.3240(2) -0.01885(14) 0.0280(6) Uani 1 1 d . . .  
C37 C 0.5516(3) 0.3483(2) 0.05115(14) 0.0261(6) Uani 1 1 d . . .  
C38 C 0.6614(3) 0.0198(2) -0.04578(14) 0.0326(6) Uani 1 1 d . . .  
H38 H 0.6030 0.0568 -0.0709 0.039 Uiso 1 1 calc R . .  
C39 C 0.6443(3) -0.0897(2) -0.06000(15) 0.0356(7) Uani 1 1 d . . .  
H39 H 0.5774 -0.1254 -0.0942 0.043 Uiso 1 1 calc R . .  
C40 C 0.7259(3) -0.1431(2) -0.02350(15) 0.0349(7) Uani 1 1 d . . .  
H40 H 0.7172 -0.2172 -0.0325 0.042 Uiso 1 1 calc R . .  
C41 C 0.8234(3) -0.0892(2) 0.02762(14) 0.0285(6) Uani 1 1 d . . .  
C42 C 0.9085(3) -0.1410(2) 0.06938(16) 0.0357(7) Uani 1 1 d . . .  
H42 H 0.9004 -0.2150 0.0629 0.043 Uiso 1 1 calc R . .  
C43 C 0.9993(3) -0.0863(2) 0.11746(16) 0.0368(7) Uani 1 1 d . . .  
H43 H 1.0537 -0.1223 0.1449 0.044 Uiso 1 1 calc R . .  
C44 C 1.0161(3) 0.0261(2) 0.12828(14) 0.0295(6) Uani 1 1 d . . .  
C45 C 1.1104(3) 0.0863(3) 0.17786(15) 0.0372(7) Uani 1 1 d . . .  
H45 H 1.1660 0.0535 0.2068 0.045 Uiso 1 1 calc R . .  
C46 C 1.1217(3) 0.1923(3) 0.18415(14) 0.0374(7) Uani 1 1 d . . .  
H46 H 1.1859 0.2341 0.2172 0.045 Uiso 1 1 calc R . .  
C47 C 1.0374(3) 0.2393(2) 0.14127(14) 0.0317(6) Uani 1 1 d . . .  
H47 H 1.0469 0.3132 0.1461 0.038 Uiso 1 1 calc R . .  
C48 C 0.9351(3) 0.0796(2) 0.08789(13) 0.0235(5) Uani 1 1 d . . .  
C49 C 0.8344(3) 0.0206(2) 0.03702(13) 0.0236(5) Uani 1 1 d . . .  
O2 O 0.4508(3) 0.87714(19) 0.78253(12) 0.0504(6) Uani 1 1 d . . .  
C50 C 0.3127(4) 0.9016(3) 0.7979(2) 0.0561(10) Uani 1 1 d . . .  
H50A H 0.3044 0.9034 0.8448 0.067 Uiso 1 1 calc R . .  
H50B H 0.2393 0.8482 0.7733 0.067 Uiso 1 1 calc R . .  
C51 C 0.2928(4) 1.0072(3) 0.77995(19) 0.0524(9) Uani 1 1 d . . .  
H51A H 0.3151 1.0634 0.8180 0.063 Uiso 1 1 calc R . .  
H51B H 0.1945 1.0097 0.7610 0.063 Uiso 1 1 calc R . .  
C52 C 0.3989(4) 1.0161(3) 0.72996(17) 0.0446(8) Uani 1 1 d . . .  
H52A H 0.3594 0.9799 0.6863 0.054 Uiso 1 1 calc R . .  
H52B H 0.4304 1.0898 0.7280 0.054 Uiso 1 1 calc R . .  
C53 C 0.5183(3) 0.9616(3) 0.75746(16) 0.0415(8) Uani 1 1 d . . .  
H53A H 0.5782 0.9357 0.7231 0.050 Uiso 1 1 calc R . .  
H53B H 0.5787 1.0097 0.7923 0.050 Uiso 1 1 calc R . .  
Li1 Li 0.3057(5) 0.7422(3) 0.4972(2) 0.0268(10) Uani 1 1 d . . .  
Li2 Li 0.8038(5) 0.2412(3) 0.0240(2) 0.0259(9) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Bi1 0.02413(5) 0.02240(5) 0.01721(5) 0.00278(3) 0.00112(3) 0.00206(4)  
Br1 0.05159(18) 0.04100(17) 0.01796(13) 0.00165(12) 0.00467(12) -0.00406(14)  
Br2 0.03445(14) 0.02101(12) 0.02341(13) 0.00329(10) 0.00184(11) 0.00291(10)  
Br3 0.03652(15) 0.02933(14) 0.02674(14) 0.00819(11) 0.00070(11) -0.00515(11)  
Br4 0.02679(13) 0.02353(13) 0.01850(12) 0.00215(9) 0.00003(9) 0.00553(10)  
O1 0.0368(11) 0.0293(11) 0.0272(11) 0.0071(8) 0.0007(9) -0.0033(9)  
N1 0.0255(11) 0.0213(11) 0.0220(11) 0.0049(9) 0.0019(9) 0.0048(9)  248 
 
N2 0.0224(11) 0.0233(11) 0.0189(11) 0.0027(8) -0.0011(8) 0.0005(8)  
N3 0.0229(11) 0.0228(11) 0.0290(12) 0.0025(9) 0.0025(9) 0.0036(9)  
N4 0.0229(11) 0.0208(11) 0.0311(12) 0.0069(9) 0.0011(9) 0.0020(9)  
N5 0.0265(11) 0.0233(11) 0.0269(12) 0.0049(9) 0.0027(9) 0.0019(9)  
N6 0.0311(12) 0.0270(12) 0.0258(12) 0.0083(9) -0.0033(10) -0.0033(10)  
N7 0.0257(11) 0.0268(12) 0.0235(12) 0.0056(9) 0.0021(9) 0.0000(9)  
N8 0.0247(11) 0.0277(12) 0.0209(11) 0.0013(9) 0.0017(9) 0.0041(9)  
C1 0.0297(14) 0.0351(16) 0.0266(14) 0.0092(12) -0.0036(11) 0.0015(12)  
C2 0.0339(15) 0.0277(14) 0.0268(14) 0.0099(11) 0.0054(11) 0.0061(11)  
C3 0.0312(15) 0.0378(16) 0.0282(15) 0.0094(12) 0.0085(12) 0.0055(12)  
C4 0.0278(14) 0.0353(15) 0.0282(15) 0.0037(12) 0.0055(11) 0.0082(12)  
C5 0.0246(13) 0.0252(13) 0.0235(13) 0.0004(10) -0.0004(10) 0.0054(10)  
C6 0.0292(14) 0.0236(13) 0.0350(16) 0.0000(11) 0.0022(12) 0.0077(11)  
C7 0.0322(15) 0.0196(13) 0.0394(17) 0.0028(12) -0.0021(12) 0.0047(11)  
C8 0.0234(13) 0.0200(12) 0.0275(14) 0.0042(10) -0.0058(10) -0.0011(10)  
C9 0.0315(15) 0.0236(14) 0.0340(16) 0.0084(12) -0.0056(12) -0.0043(11)  
C10 0.0323(15) 0.0341(15) 0.0251(14) 0.0106(12) -0.0012(11) -0.0088(12)  
C11 0.0272(14) 0.0289(14) 0.0213(13) 0.0025(11) 0.0002(10) 0.0004(11)  
C12 0.0186(12) 0.0217(12) 0.0209(12) 0.0012(10) -0.0047(9) 0.0016(9)  
C13 0.0208(12) 0.0214(12) 0.0181(12) 0.0008(10) -0.0038(9) 0.0025(10)  
C14 0.0249(14) 0.0329(15) 0.0302(15) 0.0020(12) 0.0021(11) 0.0040(11)  
C15 0.0304(15) 0.0395(17) 0.0308(16) -0.0048(13) 0.0079(12) 0.0014(13)  
C16 0.0261(14) 0.0305(15) 0.0453(18) -0.0018(13) 0.0111(13) 0.0045(12)  
C17 0.0232(13) 0.0194(13) 0.0432(17) 0.0028(12) 0.0076(12) 0.0024(10)  
C18 0.0224(14) 0.0227(14) 0.057(2) 0.0067(13) 0.0069(13) 0.0070(11)  
C19 0.0260(14) 0.0262(14) 0.054(2) 0.0144(14) -0.0012(13) 0.0062(11)  
C20 0.0253(13) 0.0213(13) 0.0400(16) 0.0115(12) 0.0006(12) 0.0003(10)  
C21 0.0315(15) 0.0334(16) 0.0407(17) 0.0186(13) -0.0041(13) -0.0002(12)  
C22 0.0352(16) 0.0389(17) 0.0281(15) 0.0087(13) -0.0021(12) 0.0002(13)  
C23 0.0321(15) 0.0282(14) 0.0307(15) 0.0070(12) 0.0041(12) 0.0035(12)  
C24 0.0206(12) 0.0164(12) 0.0349(15) 0.0074(11) -0.0002(11) -0.0006(9)  
C25 0.0184(12) 0.0154(12) 0.0342(14) 0.0027(10) 0.0027(10) 0.0004(9)  
C26 0.0383(16) 0.0311(15) 0.0266(15) 0.0034(12) 0.0053(12) -0.0008(12)  
C27 0.056(2) 0.0333(17) 0.0390(18) -0.0030(14) 0.0201(16) -0.0030(15)  
C28 0.0442(19) 0.0282(16) 0.065(2) -0.0037(15) 0.0289(18) 0.0005(14)  
C29 0.0244(14) 0.0193(13) 0.068(2) 0.0067(14) 0.0129(14) 0.0001(11)  
C30 0.0268(16) 0.0266(16) 0.101(3) 0.0124(18) 0.0088(18) 0.0058(13)  
C31 0.0227(15) 0.0300(17) 0.113(4) 0.031(2) -0.0152(18) -0.0025(13)  
C32 0.0268(15) 0.0283(15) 0.067(2) 0.0242(15) -0.0177(15) -0.0087(12)  
C33 0.051(2) 0.043(2) 0.065(3) 0.0288(18) -0.0382(19) -0.0172(17)  
C34 0.073(3) 0.046(2) 0.0370(19) 0.0183(16) -0.0254(18) -0.0208(19)  
C35 0.0497(19) 0.0363(17) 0.0292(16) 0.0105(13) -0.0046(14) -0.0101(14)  
C36 0.0231(13) 0.0206(13) 0.0402(16) 0.0118(12) -0.0050(11) -0.0031(10)  
C37 0.0222(13) 0.0171(12) 0.0386(16) 0.0065(11) 0.0026(11) -0.0024(10)  
C38 0.0326(15) 0.0342(16) 0.0287(15) 0.0040(12) -0.0004(12) -0.0030(12)  
C39 0.0351(16) 0.0314(15) 0.0354(17) -0.0023(13) 0.0046(13) -0.0090(13)  
C40 0.0372(16) 0.0255(14) 0.0409(17) 0.0013(13) 0.0148(13) -0.0044(12)  
C41 0.0292(14) 0.0249(14) 0.0336(15) 0.0055(11) 0.0157(12) 0.0031(11)  
C42 0.0364(16) 0.0282(15) 0.0487(19) 0.0158(14) 0.0154(14) 0.0104(13)  
C43 0.0340(16) 0.0414(17) 0.0447(18) 0.0223(15) 0.0144(14) 0.0191(14)  
C44 0.0276(14) 0.0371(16) 0.0281(15) 0.0109(12) 0.0094(11) 0.0111(12)  
C45 0.0320(16) 0.056(2) 0.0277(15) 0.0117(14) 0.0022(12) 0.0177(14)  
C46 0.0298(15) 0.053(2) 0.0259(15) -0.0020(14) -0.0033(12) 0.0068(14)  
C47 0.0292(14) 0.0345(16) 0.0295(15) -0.0014(12) 0.0030(12) 0.0046(12)     
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C48 0.0232(13) 0.0276(13) 0.0218(13) 0.0062(10) 0.0075(10) 0.0065(10)  
C49 0.0231(13) 0.0239(13) 0.0254(13) 0.0045(10) 0.0102(10) 0.0036(10)  
O2 0.0502(14) 0.0524(15) 0.0529(15) 0.0122(12) 0.0222(12) 0.0065(12)  
C50 0.045(2) 0.067(3) 0.059(2) 0.014(2) 0.0253(18) -0.0002(18)  
C51 0.0376(19) 0.063(2) 0.051(2) -0.0086(18) 0.0116(16) 0.0030(17)  
C52 0.0403(18) 0.052(2) 0.0406(19) 0.0066(16) 0.0051(15) 0.0008(15)  
C53 0.0328(16) 0.058(2) 0.0318(17) 0.0057(15) 0.0069(13) -0.0051(15)  
Li1 0.029(2) 0.025(2) 0.028(2) 0.0051(18) 0.0044(19) 0.0079(18)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Bi1 C1 2.238(3) . ?  
Bi1 Br4 2.7839(4) . ?  
Bi1 Br2 2.8558(3) . ?  
Bi1 Br3 2.8739(4) . ?  
Bi1 Br1 2.9704(4) . ?  
Br4 Li1 2.776(5) . ?  
O1 Li2 1.981(5) . ?  
O1 H1X 0.821(18) . ?  
O1 H2X 0.827(18) . ?  
N1 C2 1.323(3) . ?  
N1 C13 1.361(3) . ?  
N1 Li1 2.116(5) . ?  
N2 C11 1.328(3) . ?  
N2 C12 1.363(3) . ?  
N2 Li1 2.062(5) . ?  
N3 C14 1.325(4) . ?  
N3 C25 1.357(3) . ?  
N3 Li1 2.113(5) . ?  
N4 C23 1.329(4) . ?  
N4 C24 1.361(3) . ?  
N4 Li1 2.150(5) . ?  
N5 C26 1.323(4) . ?  
N5 C37 1.357(3) . ?  
N5 Li2 2.097(5) . ?  
N6 C35 1.325(4) . ?  
N6 C36 1.355(4) . ?  
N6 Li2 2.180(5) . ?  
N7 C38 1.328(4) . ?  250 
 
N7 C49 1.356(3) . ?  
N7 Li2 2.152(5) . ?  
N8 C47 1.320(4) . ?  
N8 C48 1.362(3) . ?  
N8 Li2 2.178(5) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 C3 1.403(4) . ?  
C2 H2 0.9500 . ?  
C3 C4 1.365(4) . ?  
C3 H3 0.9500 . ?  
C4 C5 1.407(4) . ?  
C4 H4 0.9500 . ?  
C5 C13 1.412(3) . ?  
C5 C6 1.435(4) . ?  
C6 C7 1.349(4) . ?  
C6 H6 0.9500 . ?  
C7 C8 1.431(4) . ?  
C7 H7 0.9500 . ?  
C8 C9 1.405(4) . ?  
C8 C12 1.407(4) . ?  
C9 C10 1.365(4) . ?  
C9 H9 0.9500 . ?  
C10 C11 1.399(4) . ?  
C10 H10 0.9500 . ?  
C11 H11 0.9500 . ?  
C12 C13 1.438(4) . ?  
C14 C15 1.404(4) . ?  
C14 H14 0.9500 . ?  
C15 C16 1.373(4) . ?  
C15 H15 0.9500 . ?  
C16 C17 1.402(4) . ?  
C16 H16 0.9500 . ?  
C17 C25 1.416(4) . ?  
C17 C18 1.436(4) . ?  
C18 C19 1.347(5) . ?  
C18 H18 0.9500 . ?  
C19 C20 1.432(4) . ?  
C19 H19 0.9500 . ?  
C20 C21 1.405(4) . ?  
C20 C24 1.415(4) . ?  
C21 C22 1.365(4) . ?  
C21 H21 0.9500 . ?  
C22 C23 1.400(4) . ?  
C22 H22 0.9500 . ?  
C23 H23 0.9500 . ?  
C24 C25 1.443(4) . ?  
C26 C27 1.402(4) . ?  
C26 H26 0.9500 . ?  
C27 C28 1.346(5) . ?  
C27 H27 0.9500 . ?  
C28 C29 1.418(5) . ?  
C28 H28 0.9500 . ?     
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C29 C37 1.412(4) . ?  
C29 C30 1.420(5) . ?  
C30 C31 1.350(6) . ?  
C30 H30 0.9500 . ?  
C31 C32 1.439(5) . ?  
C31 H31 0.9500 . ?  
C32 C33 1.407(5) . ?  
C32 C36 1.409(4) . ?  
C33 C34 1.360(6) . ?  
C33 H33 0.9500 . ?  
C34 C35 1.404(5) . ?  
C34 H34 0.9500 . ?  
C35 H35 0.9500 . ?  
C36 C37 1.446(4) . ?  
C38 C39 1.405(4) . ?  
C38 H38 0.9500 . ?  
C39 C40 1.359(5) . ?  
C39 H39 0.9500 . ?  
C40 C41 1.409(4) . ?  
C40 H40 0.9500 . ?  
C41 C49 1.410(4) . ?  
C41 C42 1.432(4) . ?  
C42 C43 1.338(5) . ?  
C42 H42 0.9500 . ?  
C43 C44 1.442(4) . ?  
C43 H43 0.9500 . ?  
C44 C45 1.402(4) . ?  
C44 C48 1.407(4) . ?  
C45 C46 1.363(5) . ?  
C45 H45 0.9500 . ?  
C46 C47 1.405(4) . ?  
C46 H46 0.9500 . ?  
C47 H47 0.9500 . ?  
C48 C49 1.445(4) . ?  
O2 C53 1.420(4) . ?  
O2 C50 1.428(4) . ?  
C50 C51 1.511(5) . ?  
C50 H50A 0.9900 . ?  
C50 H50B 0.9900 . ?  
C51 C52 1.524(5) . ?  
C51 H51A 0.9900 . ?  
C51 H51B 0.9900 . ?  
C52 C53 1.516(5) . ?  
C52 H52A 0.9900 . ?  
C52 H52B 0.9900 . ?  
C53 H53A 0.9900 . ?  
C53 H53B 0.9900 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  252 
 
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 Bi1 Br4 89.70(7) . . ?  
C1 Bi1 Br2 91.41(8) . . ?  
Br4 Bi1 Br2 85.652(10) . . ?  
C1 Bi1 Br3 87.85(8) . . ?  
Br4 Bi1 Br3 90.824(10) . . ?  
Br2 Bi1 Br3 176.404(9) . . ?  
C1 Bi1 Br1 83.13(7) . . ?  
Br4 Bi1 Br1 170.709(9) . . ?  
Br2 Bi1 Br1 88.623(10) . . ?  
Br3 Bi1 Br1 94.780(10) . . ?  
Li1 Br4 Bi1 126.04(10) . . ?  
Li2 O1 H1X 116(3) . . ?  
Li2 O1 H2X 120(3) . . ?  
H1X O1 H2X 109(4) . . ?  
C2 N1 C13 117.5(2) . . ?  
C2 N1 Li1 131.7(2) . . ?  
C13 N1 Li1 110.8(2) . . ?  
C11 N2 C12 117.7(2) . . ?  
C11 N2 Li1 129.6(2) . . ?  
C12 N2 Li1 112.6(2) . . ?  
C14 N3 C25 118.0(2) . . ?  
C14 N3 Li1 128.5(2) . . ?  
C25 N3 Li1 113.5(2) . . ?  
C23 N4 C24 117.2(2) . . ?  
C23 N4 Li1 130.3(2) . . ?  
C24 N4 Li1 112.3(2) . . ?  
C26 N5 C37 117.8(2) . . ?  
C26 N5 Li2 127.8(2) . . ?  
C37 N5 Li2 114.3(2) . . ?  
C35 N6 C36 117.8(3) . . ?  
C35 N6 Li2 130.7(3) . . ?  
C36 N6 Li2 111.5(2) . . ?  
C38 N7 C49 117.2(2) . . ?  
C38 N7 Li2 128.7(2) . . ?  
C49 N7 Li2 114.0(2) . . ?  
C47 N8 C48 117.6(2) . . ?  
C47 N8 Li2 129.4(2) . . ?  
C48 N8 Li2 113.0(2) . . ?  
Bi1 C1 H1A 109.5 . . ?  
Bi1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Bi1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
N1 C2 C3 123.9(3) . . ?  
N1 C2 H2 118.1 . . ?  
C3 C2 H2 118.1 . . ?  
C4 C3 C2 118.9(3) . . ?  
C4 C3 H3 120.6 . . ?  
C2 C3 H3 120.6 . . ?  
C3 C4 C5 119.4(3) . . ?  
C3 C4 H4 120.3 . . ?     
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C5 C4 H4 120.3 . . ?  
C4 C5 C13 117.7(2) . . ?  
C4 C5 C6 122.7(2) . . ?  
C13 C5 C6 119.5(3) . . ?  
C7 C6 C5 120.7(3) . . ?  
C7 C6 H6 119.6 . . ?  
C5 C6 H6 119.6 . . ?  
C6 C7 C8 121.3(3) . . ?  
C6 C7 H7 119.3 . . ?  
C8 C7 H7 119.3 . . ?  
C9 C8 C12 117.5(2) . . ?  
C9 C8 C7 123.1(2) . . ?  
C12 C8 C7 119.4(2) . . ?  
C10 C9 C8 119.6(3) . . ?  
C10 C9 H9 120.2 . . ?  
C8 C9 H9 120.2 . . ?  
C9 C10 C11 119.1(3) . . ?  
C9 C10 H10 120.4 . . ?  
C11 C10 H10 120.4 . . ?  
N2 C11 C10 123.4(3) . . ?  
N2 C11 H11 118.3 . . ?  
C10 C11 H11 118.3 . . ?  
N2 C12 C8 122.7(2) . . ?  
N2 C12 C13 117.7(2) . . ?  
C8 C12 C13 119.6(2) . . ?  
N1 C13 C5 122.6(2) . . ?  
N1 C13 C12 118.0(2) . . ?  
C5 C13 C12 119.4(2) . . ?  
N3 C14 C15 123.2(3) . . ?  
N3 C14 H14 118.4 . . ?  
C15 C14 H14 118.4 . . ?  
C16 C15 C14 119.0(3) . . ?  
C16 C15 H15 120.5 . . ?  
C14 C15 H15 120.5 . . ?  
C15 C16 C17 119.8(3) . . ?  
C15 C16 H16 120.1 . . ?  
C17 C16 H16 120.1 . . ?  
C16 C17 C25 117.2(3) . . ?  
C16 C17 C18 123.7(3) . . ?  
C25 C17 C18 119.1(3) . . ?  
C19 C18 C17 121.5(3) . . ?  
C19 C18 H18 119.3 . . ?  
C17 C18 H18 119.3 . . ?  
C18 C19 C20 121.1(3) . . ?  
C18 C19 H19 119.5 . . ?  
C20 C19 H19 119.5 . . ?  
C21 C20 C24 117.5(3) . . ?  
C21 C20 C19 123.1(3) . . ?  
C24 C20 C19 119.4(3) . . ?  
C22 C21 C20 119.7(3) . . ?  
C22 C21 H21 120.2 . . ?  
C20 C21 H21 120.2 . . ?  
C21 C22 C23 118.7(3) . . ?  
C21 C22 H22 120.6 . . ?  254 
 
C23 C22 H22 120.6 . . ?  
N4 C23 C22 124.1(3) . . ?  
N4 C23 H23 118.0 . . ?  
C22 C23 H23 118.0 . . ?  
N4 C24 C20 122.7(3) . . ?  
N4 C24 C25 117.6(2) . . ?  
C20 C24 C25 119.6(2) . . ?  
N3 C25 C17 122.9(3) . . ?  
N3 C25 C24 117.7(2) . . ?  
C17 C25 C24 119.3(2) . . ?  
N5 C26 C27 123.5(3) . . ?  
N5 C26 H26 118.3 . . ?  
C27 C26 H26 118.3 . . ?  
C28 C27 C26 119.1(3) . . ?  
C28 C27 H27 120.5 . . ?  
C26 C27 H27 120.5 . . ?  
C27 C28 C29 120.1(3) . . ?  
C27 C28 H28 120.0 . . ?  
C29 C28 H28 120.0 . . ?  
C37 C29 C28 116.8(3) . . ?  
C37 C29 C30 119.6(3) . . ?  
C28 C29 C30 123.6(3) . . ?  
C31 C30 C29 121.2(3) . . ?  
C31 C30 H30 119.4 . . ?  
C29 C30 H30 119.4 . . ?  
C30 C31 C32 121.0(3) . . ?  
C30 C31 H31 119.5 . . ?  
C32 C31 H31 119.5 . . ?  
C33 C32 C36 116.8(3) . . ?  
C33 C32 C31 123.7(3) . . ?  
C36 C32 C31 119.5(3) . . ?  
C34 C33 C32 120.3(3) . . ?  
C34 C33 H33 119.9 . . ?  
C32 C33 H33 119.9 . . ?  
C33 C34 C35 118.7(3) . . ?  
C33 C34 H34 120.6 . . ?  
C35 C34 H34 120.6 . . ?  
N6 C35 C34 123.3(4) . . ?  
N6 C35 H35 118.4 . . ?  
C34 C35 H35 118.4 . . ?  
N6 C36 C32 123.1(3) . . ?  
N6 C36 C37 118.0(2) . . ?  
C32 C36 C37 118.9(3) . . ?  
N5 C37 C29 122.7(3) . . ?  
N5 C37 C36 117.6(2) . . ?  
C29 C37 C36 119.7(3) . . ?  
N7 C38 C39 124.1(3) . . ?  
N7 C38 H38 117.9 . . ?  
C39 C38 H38 117.9 . . ?  
C40 C39 C38 118.2(3) . . ?  
C40 C39 H39 120.9 . . ?  
C38 C39 H39 120.9 . . ?  
C39 C40 C41 120.4(3) . . ?  
C39 C40 H40 119.8 . . ?     
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C41 C40 H40 119.8 . . ?  
C40 C41 C49 116.9(3) . . ?  
C40 C41 C42 123.1(3) . . ?  
C49 C41 C42 120.0(3) . . ?  
C43 C42 C41 120.9(3) . . ?  
C43 C42 H42 119.6 . . ?  
C41 C42 H42 119.6 . . ?  
C42 C43 C44 121.2(3) . . ?  
C42 C43 H43 119.4 . . ?  
C44 C43 H43 119.4 . . ?  
C45 C44 C48 117.4(3) . . ?  
C45 C44 C43 123.0(3) . . ?  
C48 C44 C43 119.6(3) . . ?  
C46 C45 C44 119.4(3) . . ?  
C46 C45 H45 120.3 . . ?  
C44 C45 H45 120.3 . . ?  
C45 C46 C47 119.4(3) . . ?  
C45 C46 H46 120.3 . . ?  
C47 C46 H46 120.3 . . ?  
N8 C47 C46 123.1(3) . . ?  
N8 C47 H47 118.4 . . ?  
C46 C47 H47 118.4 . . ?  
N8 C48 C44 123.0(3) . . ?  
N8 C48 C49 117.7(2) . . ?  
C44 C48 C49 119.3(2) . . ?  
N7 C49 C41 123.2(3) . . ?  
N7 C49 C48 117.7(2) . . ?  
C41 C49 C48 119.1(2) . . ?  
C53 O2 C50 108.7(3) . . ?  
O2 C50 C51 107.5(3) . . ?  
O2 C50 H50A 110.2 . . ?  
C51 C50 H50A 110.2 . . ?  
O2 C50 H50B 110.2 . . ?  
C51 C50 H50B 110.2 . . ?  
H50A C50 H50B 108.5 . . ?  
C50 C51 C52 102.5(3) . . ?  
C50 C51 H51A 111.3 . . ?  
C52 C51 H51A 111.3 . . ?  
C50 C51 H51B 111.3 . . ?  
C52 C51 H51B 111.3 . . ?  
H51A C51 H51B 109.2 . . ?  
C53 C52 C51 100.6(3) . . ?  
C53 C52 H52A 111.6 . . ?  
C51 C52 H52A 111.6 . . ?  
C53 C52 H52B 111.6 . . ?  
C51 C52 H52B 111.6 . . ?  
H52A C52 H52B 109.4 . . ?  
O2 C53 C52 105.6(3) . . ?  
O2 C53 H53A 110.6 . . ?  
C52 C53 H53A 110.6 . . ?  
O2 C53 H53B 110.6 . . ?  
C52 C53 H53B 110.6 . . ?  
H53A C53 H53B 108.8 . . ?  
N2 Li1 N3 103.7(2) . . ?  256 
 
N2 Li1 N1 80.87(17) . . ?  
N3 Li1 N1 173.9(3) . . ?  
N2 Li1 N4 121.7(2) . . ?  
N3 Li1 N4 78.81(17) . . ?  
N1 Li1 N4 95.4(2) . . ?  
N2 Li1 Br4 95.25(17) . . ?  
N3 Li1 Br4 93.94(17) . . ?  
N1 Li1 Br4 89.56(16) . . ?  
N4 Li1 Br4 143.0(2) . . ?  
O1 Li2 N5 105.2(2) . . ?  
O1 Li2 N7 139.8(3) . . ?  
N5 Li2 N7 114.9(2) . . ?  
O1 Li2 N8 92.9(2) . . ?  
N5 Li2 N8 101.6(2) . . ?  
N7 Li2 N8 77.48(17) . . ?  
O1 Li2 N6 95.3(2) . . ?  
N5 Li2 N6 78.64(18) . . ?  
N7 Li2 N6 94.51(19) . . ?  
N8 Li2 N6 171.4(2) . . ?  
  
loop_  
 _geom_hbond_atom_site_label_D  
 _geom_hbond_atom_site_label_H  
 _geom_hbond_atom_site_label_A  
 _geom_hbond_distance_DH  
 _geom_hbond_distance_HA  
 _geom_hbond_distance_DA  
 _geom_hbond_angle_DHA  
 _geom_hbond_site_symmetry_A  
O1 H1X Br1  0.821(18) 2.582(19) 3.402(2) 178(4) 1_655  
O1 H2X Br1  0.827(18) 2.522(19) 3.344(2) 173(4) 2_665  
  
_diffrn_measured_fraction_theta_max    0.991  
_diffrn_reflns_theta_full              27.55  
_diffrn_measured_fraction_theta_full   0.991  
_refine_diff_density_max    1.476  
_refine_diff_density_min   -1.129  
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 dibromo-methylbis(triphenylphosphine oxide-O)antimony(III) 
; 
 
# Ph3PO = C18H15OP 
# triphenylphosphine oxide  
# triphenylphosphine oxide (i-Lab IUPAC name (defaults)) 
# triphenylphosphane oxide (iLab name (selected options) 
# Chemspider gave diphenylphosphorylbenzene (+ several other names) 
 
 
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C37 H33 Br2 O2 P2 Sb' 
_chemical_formula_sum            'C37 H33 Br2 O2 P2 Sb' 
_chemical_formula_structural     '((C6 H5)3 P O)2 ((C H3) Br2 Sb)'   
_chemical_formula_weight          853.14  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'P'  'P'   0.1023   0.0942  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2901   2.4595  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 
_symmetry_cell_setting            Monoclinic 
_symmetry_space_group_name_H-M   'C 2/c' 
_space_group_name_Hall       '-C 2yc' 
_space_group_IT_number             15 
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y, -z+1/2'  
 'x+1/2, y+1/2, z'  
 '-x+1/2, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y, z-1/2'  
 '-x+1/2, -y+1/2, -z'  258 
 
 'x+1/2, -y+1/2, z-1/2'  
  
_cell_length_a                    17.128(4)  
_cell_length_b                    12.347(2)  
_cell_length_c                    16.956(4)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  104.979(10)  
_cell_angle_gamma                 90.00  
_cell_volume                      3464.1(12)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     120(2) 
_cell_measurement_reflns_used     28469 
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48 
  
_exptl_crystal_description        plate 
_exptl_crystal_colour             colourless 
_exptl_crystal_size_max           0.80  
_exptl_crystal_size_mid           0.60  
_exptl_crystal_size_min           0.08  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.636  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1688  
_exptl_absorpt_coefficient_mu     3.227  
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.6144 # Expt'l Tmin & Tmax  
_exptl_absorpt_correction_T_max   1.0000 # Scaled to Tmax=1.0  




 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source           'Bruker-Nonius FR591 rotating anode'  
_diffrn_radiation_monochromator    'graphite' 
_diffrn_measurement_device_type    
                       'Bruker-Nonius Roper CCD camera on \k-goniostat'  
_diffrn_measurement_method          '\f & \w scans' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             19016  
_diffrn_reflns_av_R_equivalents   0.0597  
_diffrn_reflns_av_sigmaI/netI     0.0457  
_diffrn_reflns_limit_h_min        -22  
_diffrn_reflns_limit_h_max        21  
_diffrn_reflns_limit_k_min        -16     
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_diffrn_reflns_limit_k_max        16  
_diffrn_reflns_limit_l_min        -22  
_diffrn_reflns_limit_l_max        21  
_diffrn_reflns_theta_min          3.30  
_diffrn_reflns_theta_max          27.57  
_reflns_number_total              3986  
_reflns_number_gt                 3395  
_reflns_threshold_expression      I>2\s(I)  
 
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'DIRDIF-99 (Beurskens, 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
 
Disorder of the methyl group over two symmetry equivalent positions was  
modelled by setting the occupancy of the methyl group to 0.5 
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0404P)^2^+11.9802P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          3986  
_refine_ls_number_parameters      205  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0501  
_refine_ls_R_factor_gt            0.0400  
_refine_ls_wR_factor_ref          0.0988  
_refine_ls_wR_factor_gt           0.0935  
_refine_ls_goodness_of_fit_ref    1.051  
_refine_ls_restrained_S_all       1.051  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
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loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Sb1 Sb 0.5000 0.66273(2) 0.2500 0.03260(12) Uani 1 2 d S . .  
Br1 Br 0.39830(2) 0.81097(3) 0.16647(3) 0.03371(12) Uani 1 1 d . . .  
P1 P 0.34745(5) 0.44134(6) 0.20593(5) 0.02027(18) Uani 1 1 d . . .  
O1 O 0.40876(13) 0.51739(18) 0.18633(14) 0.0239(5) Uani 1 1 d . . .  
C1  C 0.5586(4) 0.6634(5) 0.1657(4) 0.0225(13) Uani 0.50 1 d P . .  
H1A H 0.5522 0.7340 0.1385 0.034 Uiso 0.50 1 calc PR . .  
H1B H 0.5371 0.6066 0.1256 0.034 Uiso 0.50 1 calc PR . .  
H1C H 0.6161 0.6499 0.1907 0.034 Uiso 0.50 1 calc PR . .  
C2 C 0.24642(18) 0.4878(3) 0.1589(2) 0.0217(6) Uani 1 1 d . . .  
C3 C 0.2371(2) 0.5874(3) 0.1197(2) 0.0253(7) Uani 1 1 d . . .  
H3 H 0.2831 0.6298 0.1189 0.030 Uiso 1 1 calc R . .  
C4 C 0.1600(2) 0.6251(3) 0.0816(2) 0.0307(8) Uani 1 1 d . . .  
H4 H 0.1535 0.6925 0.0537 0.037 Uiso 1 1 calc R . .  
C5 C 0.0928(2) 0.5648(3) 0.0843(2) 0.0326(8) Uani 1 1 d . . .  
H5 H 0.0403 0.5912 0.0587 0.039 Uiso 1 1 calc R . .  
C6 C 0.1019(2) 0.4656(3) 0.1241(2) 0.0307(8) Uani 1 1 d . . .  
H6 H 0.0555 0.4247 0.1265 0.037 Uiso 1 1 calc R . .  
C7 C 0.1785(2) 0.4260(3) 0.1605(2) 0.0274(7) Uani 1 1 d . . .  
H7 H 0.1848 0.3571 0.1865 0.033 Uiso 1 1 calc R . .  
C8 C 0.35738(19) 0.3088(2) 0.1651(2) 0.0226(7) Uani 1 1 d . . .  
C9 C 0.3482(2) 0.3014(3) 0.0810(2) 0.0299(8) Uani 1 1 d . . .  
H9 H 0.3346 0.3640 0.0478 0.036 Uiso 1 1 calc R . .  
C10 C 0.3590(2) 0.2033(3) 0.0460(3) 0.0356(8) Uani 1 1 d . . .  
H10 H 0.3527 0.1987 -0.0112 0.043 Uiso 1 1 calc R . .  
C11 C 0.3790(2) 0.1114(3) 0.0942(3) 0.0358(9) Uani 1 1 d . . .  
H11 H 0.3864 0.0441 0.0700 0.043 Uiso 1 1 calc R . .  
C12 C 0.3882(2) 0.1182(3) 0.1773(3) 0.0381(9) Uani 1 1 d . . .  
H12 H 0.4025 0.0556 0.2104 0.046 Uiso 1 1 calc R . .  
C13 C 0.3766(2) 0.2160(3) 0.2129(2) 0.0314(8) Uani 1 1 d . . .  
H13 H 0.3817 0.2197 0.2699 0.038 Uiso 1 1 calc R . .  
C14 C 0.35914(19) 0.4270(3) 0.3136(2) 0.0260(7) Uani 1 1 d . . .  
C15 C 0.2977(2) 0.4508(3) 0.3511(2) 0.0286(7) Uani 1 1 d . . .  
H15 H 0.2460 0.4723 0.3191 0.034 Uiso 1 1 calc R . .  
C16 C 0.3121(2) 0.4430(3) 0.4352(2) 0.0317(8) Uani 1 1 d . . .  
H16 H 0.2698 0.4584 0.4604 0.038 Uiso 1 1 calc R . .  
C17 C 0.3869(2) 0.4133(3) 0.4827(2) 0.0308(8) Uani 1 1 d . . .  
H17 H 0.3963 0.4097 0.5403 0.037 Uiso 1 1 calc R . .  
C18 C 0.4488(2) 0.3885(3) 0.4462(2) 0.0326(8) Uani 1 1 d . . .  
H18 H 0.5003 0.3668 0.4788 0.039 Uiso 1 1 calc R . .  
C19 C 0.4350(2) 0.3957(3) 0.3624(2) 0.0316(8) Uani 1 1 d . . .     
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H19 H 0.4774 0.3793 0.3376 0.038 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Sb1 0.02296(18) 0.01290(16) 0.0523(2) 0.000 -0.00765(15) 0.000  
Br1 0.0284(2) 0.01865(17) 0.0485(3) 0.00178(14) -0.00009(16) 0.00638(12)  
P1 0.0186(4) 0.0228(4) 0.0193(4) -0.0041(3) 0.0047(3) -0.0010(3)  
O1 0.0215(11) 0.0234(11) 0.0266(12) -0.0058(9) 0.0059(9) -0.0031(9)  
C1 0.021(3) 0.012(3) 0.030(4) -0.005(2) -0.001(3) 0.002(2)  
C2 0.0198(15) 0.0241(15) 0.0207(16) -0.0051(12) 0.0043(12) -0.0014(12)  
C3 0.0219(15) 0.0260(16) 0.0300(18) -0.0061(14) 0.0104(14) -0.0012(13)  
C4 0.0316(18) 0.0305(18) 0.0299(19) -0.0002(15) 0.0079(15) 0.0051(15)  
C5 0.0229(17) 0.040(2) 0.033(2) -0.0055(16) 0.0035(14) 0.0044(15)  
C6 0.0193(15) 0.040(2) 0.033(2) -0.0069(16) 0.0061(14) -0.0057(14)  
C7 0.0268(17) 0.0278(17) 0.0262(18) -0.0034(14) 0.0045(14) -0.0046(13)  
C8 0.0183(15) 0.0220(15) 0.0286(18) -0.0024(13) 0.0084(13) -0.0021(12)  
C9 0.0324(18) 0.0269(17) 0.0279(19) -0.0028(14) 0.0036(15) 0.0021(14)  
C10 0.039(2) 0.0347(19) 0.032(2) -0.0114(16) 0.0079(16) -0.0001(16)  
C11 0.0311(18) 0.0239(17) 0.057(3) -0.0119(17) 0.0194(18) -0.0057(14)  
C12 0.044(2) 0.0226(18) 0.052(3) 0.0063(16) 0.0218(19) 0.0006(16)  
C13 0.039(2) 0.0255(17) 0.034(2) 0.0027(15) 0.0170(16) 0.0013(15)  
C14 0.0203(15) 0.0383(18) 0.0184(16) -0.0072(14) 0.0033(12) -0.0034(13)  
C15 0.0232(16) 0.0362(18) 0.0261(18) -0.0055(14) 0.0061(14) -0.0020(14)  
C16 0.0294(18) 0.041(2) 0.0286(19) -0.0084(15) 0.0141(15) -0.0049(15)  
C17 0.0323(18) 0.0374(19) 0.0225(17) -0.0066(15) 0.0066(14) -0.0101(15)  
C18 0.0250(17) 0.047(2) 0.0245(18) -0.0026(16) 0.0040(14) -0.0060(15)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Sb1 C1 1.947(7) 2_655 ?  
Sb1 C1 1.947(7) . ?  
Sb1 O1 2.440(2) . ?  
Sb1 O1 2.440(2) 2_655 ?  262 
 
Sb1 Br1 2.6675(5) 2_655 ?  
Sb1 Br1 2.6675(5) . ?  
P1 O1 1.508(2) . ?  
P1 C14 1.794(4) . ?  
P1 C2 1.801(3) . ?  
P1 C8 1.802(3) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 C3 1.388(5) . ?  
C2 C7 1.397(5) . ?  
C3 C4 1.391(5) . ?  
C3 H3 0.9500 . ?  
C4 C5 1.380(5) . ?  
C4 H4 0.9500 . ?  
C5 C6 1.389(5) . ?  
C5 H5 0.9500 . ?  
C6 C7 1.387(5) . ?  
C6 H6 0.9500 . ?  
C7 H7 0.9500 . ?  
C8 C13 1.392(5) . ?  
C8 C9 1.396(5) . ?  
C9 C10 1.382(5) . ?  
C9 H9 0.9500 . ?  
C10 C11 1.388(6) . ?  
C10 H10 0.9500 . ?  
C11 C12 1.379(6) . ?  
C11 H11 0.9500 . ?  
C12 C13 1.386(5) . ?  
C12 H12 0.9500 . ?  
C13 H13 0.9500 . ?  
C14 C15 1.394(5) . ?  
C14 C19 1.403(5) . ?  
C15 C16 1.386(5) . ?  
C15 H15 0.9500 . ?  
C16 C17 1.375(5) . ?  
C16 H16 0.9500 . ?  
C17 C18 1.392(5) . ?  
C17 H17 0.9500 . ?  
C18 C19 1.382(5) . ?  
C18 H18 0.9500 . ?  
C19 H19 0.9500 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 Sb1 C1 179.5(3) 2_655 . ?  
C1 Sb1 O1 86.27(19) 2_655 . ?  
C1 Sb1 O1 94.08(19) . . ?     
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C1 Sb1 O1 94.08(19) 2_655 2_655 ?  
C1 Sb1 O1 86.27(19) . 2_655 ?  
O1 Sb1 O1 85.33(11) . 2_655 ?  
C1 Sb1 Br1 89.85(18) 2_655 2_655 ?  
C1 Sb1 Br1 89.83(18) . 2_655 ?  
O1 Sb1 Br1 174.31(6) . 2_655 ?  
O1 Sb1 Br1 90.80(6) 2_655 2_655 ?  
C1 Sb1 Br1 89.83(18) 2_655 . ?  
C1 Sb1 Br1 89.85(18) . . ?  
O1 Sb1 Br1 90.80(6) . . ?  
O1 Sb1 Br1 174.31(6) 2_655 . ?  
Br1 Sb1 Br1 93.35(2) 2_655 . ?  
O1 P1 C14 112.64(14) . . ?  
O1 P1 C2 110.38(14) . . ?  
C14 P1 C2 108.86(15) . . ?  
O1 P1 C8 109.92(14) . . ?  
C14 P1 C8 107.72(17) . . ?  
C2 P1 C8 107.13(15) . . ?  
P1 O1 Sb1 139.73(14) . . ?  
Sb1 C1 H1A 109.5 . . ?  
Sb1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Sb1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
C3 C2 C7 120.0(3) . . ?  
C3 C2 P1 118.2(2) . . ?  
C7 C2 P1 121.8(3) . . ?  
C2 C3 C4 119.8(3) . . ?  
C2 C3 H3 120.1 . . ?  
C4 C3 H3 120.1 . . ?  
C5 C4 C3 120.2(3) . . ?  
C5 C4 H4 119.9 . . ?  
C3 C4 H4 119.9 . . ?  
C4 C5 C6 120.2(3) . . ?  
C4 C5 H5 119.9 . . ?  
C6 C5 H5 119.9 . . ?  
C7 C6 C5 120.1(3) . . ?  
C7 C6 H6 120.0 . . ?  
C5 C6 H6 120.0 . . ?  
C6 C7 C2 119.7(3) . . ?  
C6 C7 H7 120.2 . . ?  
C2 C7 H7 120.2 . . ?  
C13 C8 C9 119.2(3) . . ?  
C13 C8 P1 123.7(3) . . ?  
C9 C8 P1 117.0(2) . . ?  
C10 C9 C8 120.2(3) . . ?  
C10 C9 H9 119.9 . . ?  
C8 C9 H9 119.9 . . ?  
C9 C10 C11 120.3(4) . . ?  
C9 C10 H10 119.9 . . ?  
C11 C10 H10 119.9 . . ?  
C12 C11 C10 119.8(3) . . ?  
C12 C11 H11 120.1 . . ?  264 
 
C10 C11 H11 120.1 . . ?  
C11 C12 C13 120.4(4) . . ?  
C11 C12 H12 119.8 . . ?  
C13 C12 H12 119.8 . . ?  
C12 C13 C8 120.1(4) . . ?  
C12 C13 H13 119.9 . . ?  
C8 C13 H13 119.9 . . ?  
C15 C14 C19 118.9(3) . . ?  
C15 C14 P1 123.0(3) . . ?  
C19 C14 P1 118.0(3) . . ?  
C16 C15 C14 120.0(3) . . ?  
C16 C15 H15 120.0 . . ?  
C14 C15 H15 120.0 . . ?  
C17 C16 C15 120.8(3) . . ?  
C17 C16 H16 119.6 . . ?  
C15 C16 H16 119.6 . . ?  
C16 C17 C18 120.0(3) . . ?  
C16 C17 H17 120.0 . . ?  
C18 C17 H17 120.0 . . ?  
C19 C18 C17 119.7(3) . . ?  
C19 C18 H18 120.2 . . ?  
C17 C18 H18 120.2 . . ?  
C18 C19 C14 120.6(3) . . ?  
C18 C19 H19 119.7 . . ?  
C14 C19 H19 119.7 . . ?  
  
_diffrn_measured_fraction_theta_max    0.993  
_diffrn_reflns_theta_full              27.57  
_diffrn_measured_fraction_theta_full   0.993  
_refine_diff_density_max    0.685  
_refine_diff_density_min   -1.215  








_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '2011-03-10' 




 Dibrom0-methylbis(trimethylphosphine oxide-O)antimony(III)  
;  
 
# Me3PO = C3H9OP 
# trimethylphosphane oxide 
# trimethylphosphine oxide  (iLab name (defaults)) 
# dimethylphosphorylmethane (chemspider) 
 




_chemical_name_common             ?  
_chemical_melting_point           ? 
_chemical_formula_moiety         'C7 H21 Br2 O2 P2 Sb'   
_chemical_formula_sum            'C7 H21 Br2 O2 P2 Sb'  
_chemical_formula_structural     '(c3 H9 O P)2 ((C H3) Br2 Sb)'  
_chemical_formula_weight          480.75  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'P'  'P'   0.1023   0.0942  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2901   2.4595  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 
_symmetry_cell_setting            monoclinic  
_symmetry_space_group_name_H-M    'P 21/c' 
_space_group_name_Hall            '-P 2ybc'  





 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    20.039(3)  
_cell_length_b                    9.235(2)  
_cell_length_c                    19.831(4)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  117.145(10)  
_cell_angle_gamma                 90.00  
_cell_volume                      3265.8(11)  
_cell_formula_units_Z             8  
_cell_measurement_temperature     120(2)  
_cell_measurement_reflns_used     22142 
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48 
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_exptl_crystal_description        fragment 
_exptl_crystal_colour             colourless 
_exptl_crystal_size_max           0.20  
_exptl_crystal_size_mid           0.18  
_exptl_crystal_size_min           0.05  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.956  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1840  
_exptl_absorpt_coefficient_mu     6.761 
_exptl_absorpt_correction_type    multi-scan 
_exptl_absorpt_correction_T_min   0.5492 # Expt'l Tmin & Tmax  
_exptl_absorpt_correction_T_max   1.0000 # Scaled to Tmax=1.0  
_exptl_absorpt_process_details     




 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source           'Bruker-Nonius FR591 rotating anode'  
_diffrn_radiation_monochromator    'graphite' 
_diffrn_measurement_device_type  
                        'Bruker-Nonius 95mm CCD camera on \k-goniostat'  
_diffrn_measurement_method         '\f & \w scans' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0 
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             37437  
_diffrn_reflns_av_R_equivalents   0.0564  
_diffrn_reflns_av_sigmaI/netI     0.0443  
_diffrn_reflns_limit_h_min        -24  
_diffrn_reflns_limit_h_max        26  
_diffrn_reflns_limit_k_min        -11  
_diffrn_reflns_limit_k_max        11  
_diffrn_reflns_limit_l_min        -25  
_diffrn_reflns_limit_l_max        25  
_diffrn_reflns_theta_min          3.00  
_diffrn_reflns_theta_max          27.53  
_reflns_number_total              7450  
_reflns_number_gt                 6406  
_reflns_threshold_expression      I>2\s(I)  
 
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'DIRDIF-99 (Beurskens, 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'     
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_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0154P)^2^+33.7052P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          7450  
_refine_ls_number_parameters      253  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0593  
_refine_ls_R_factor_gt            0.0492  
_refine_ls_wR_factor_ref          0.1041  
_refine_ls_wR_factor_gt           0.1008  
_refine_ls_goodness_of_fit_ref    1.198  
_refine_ls_restrained_S_all       1.198  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Sb1 Sb 0.48417(2) 0.57277(4) 0.09072(2) 0.01278(10) Uani 1 1 d . . .  
Sb2 Sb -0.02267(2) 0.06249(4) 0.88777(2) 0.01293(10) Uani 1 1 d . . .  
Br1 Br 0.59685(4) 0.76192(8) 0.19206(4) 0.02423(16) Uani 1 1 d . . .  268 
 
Br2 Br 0.36783(4) 0.78107(7) 0.02841(4) 0.02033(15) Uani 1 1 d . . .  
Br3 Br 0.08704(4) 0.25391(7) 0.88977(4) 0.02177(15) Uani 1 1 d . . .  
Br4 Br -0.13567(4) 0.27444(7) 0.84326(4) 0.01888(14) Uani 1 1 d . . .  
P1 P 0.64018(9) 0.34663(18) 0.19138(9) 0.0151(3) Uani 1 1 d . . .  
P2 P 0.38876(9) 0.24351(18) 0.02774(9) 0.0144(3) Uani 1 1 d . . .  
P3 P 0.13402(9) -0.16232(18) 0.93433(9) 0.0142(3) Uani 1 1 d . . .  
P4 P -0.12055(10) -0.26655(18) 0.86522(10) 0.0170(3) Uani 1 1 d . . .  
O1 O 0.5573(2) 0.3801(5) 0.1425(3) 0.0202(10) Uani 1 1 d . . .  
O2 O 0.4001(2) 0.4068(5) 0.0264(3) 0.0173(9) Uani 1 1 d . . .  
O3 O 0.0501(2) -0.1334(5) 0.9014(3) 0.0199(10) Uani 1 1 d . . .  
O4 O -0.1102(3) -0.1029(5) 0.8734(3) 0.0199(10) Uani 1 1 d . . .  
C1 C 0.4504(4) 0.5533(8) 0.1773(4) 0.0223(15) Uani 1 1 d . . .  
H1A H 0.4800 0.6197 0.2188 0.033 Uiso 1 1 calc R . .  
H1B H 0.4586 0.4536 0.1963 0.033 Uiso 1 1 calc R . .  
H1C H 0.3971 0.5775 0.1567 0.033 Uiso 1 1 calc R . .  
C2 C -0.0560(4) 0.0402(8) 0.7699(4) 0.0212(14) Uani 1 1 d . . .  
H2A H -0.0257 0.1047 0.7556 0.032 Uiso 1 1 calc R . .  
H2B H -0.1091 0.0659 0.7409 0.032 Uiso 1 1 calc R . .  
H2C H -0.0485 -0.0602 0.7588 0.032 Uiso 1 1 calc R . .  
C3 C 0.6990(4) 0.4412(8) 0.1614(4) 0.0234(15) Uani 1 1 d . . .  
H3A H 0.6840 0.4186 0.1081 0.035 Uiso 1 1 calc R . .  
H3B H 0.7512 0.4116 0.1925 0.035 Uiso 1 1 calc R . .  
H3C H 0.6943 0.5456 0.1669 0.035 Uiso 1 1 calc R . .  
C4 C 0.6700(4) 0.3920(9) 0.2882(4) 0.0248(15) Uani 1 1 d . . .  
H4A H 0.6385 0.3414 0.3067 0.037 Uiso 1 1 calc R . .  
H4B H 0.6655 0.4968 0.2929 0.037 Uiso 1 1 calc R . .  
H4C H 0.7224 0.3628 0.3185 0.037 Uiso 1 1 calc R . .  
C5 C 0.6569(4) 0.1572(7) 0.1871(4) 0.0210(14) Uani 1 1 d . . .  
H5A H 0.6252 0.1015 0.2035 0.032 Uiso 1 1 calc R . .  
H5B H 0.7098 0.1358 0.2206 0.032 Uiso 1 1 calc R . .  
H5C H 0.6449 0.1306 0.1350 0.032 Uiso 1 1 calc R . .  
C6 C 0.4573(4) 0.1384(7) 0.0151(4) 0.0213(14) Uani 1 1 d . . .  
H6A H 0.4579 0.1670 -0.0322 0.032 Uiso 1 1 calc R . .  
H6B H 0.4446 0.0354 0.0128 0.032 Uiso 1 1 calc R . .  
H6C H 0.5069 0.1551 0.0578 0.032 Uiso 1 1 calc R . .  
C7 C 0.3915(5) 0.1848(9) 0.1142(4) 0.0324(18) Uani 1 1 d . . .  
H7A H 0.3546 0.2393 0.1236 0.049 Uiso 1 1 calc R . .  
H7B H 0.4417 0.2012 0.1558 0.049 Uiso 1 1 calc R . .  
H7C H 0.3796 0.0813 0.1108 0.049 Uiso 1 1 calc R . .  
C8 C 0.3004(4) 0.1950(9) -0.0488(5) 0.0307(17) Uani 1 1 d . . .  
H8A H 0.2985 0.2271 -0.0967 0.046 Uiso 1 1 calc R . .  
H8B H 0.2600 0.2417 -0.0419 0.046 Uiso 1 1 calc R . .  
H8C H 0.2942 0.0897 -0.0497 0.046 Uiso 1 1 calc R . .  
C9 C 0.1673(4) -0.1214(8) 0.8672(4) 0.0192(14) Uani 1 1 d . . .  
H9A H 0.1573 -0.0194 0.8523 0.029 Uiso 1 1 calc R . .  
H9B H 0.1416 -0.1830 0.8224 0.029 Uiso 1 1 calc R . .  
H9C H 0.2215 -0.1394 0.8899 0.029 Uiso 1 1 calc R . .  
C10 C 0.1870(4) -0.0566(8) 1.0169(4) 0.0189(14) Uani 1 1 d . . .  
H10A H 0.1699 -0.0768 1.0550 0.028 Uiso 1 1 calc R . .  
H10B H 0.1800 0.0464 1.0037 0.028 Uiso 1 1 calc R . .  
H10C H 0.2403 -0.0813 1.0374 0.028 Uiso 1 1 calc R . .  
C11 C 0.1538(4) -0.3481(7) 0.9597(4) 0.0245(15) Uani 1 1 d . . .  
H11A H 0.1361 -0.3736 0.9968 0.037 Uiso 1 1 calc R . .  
H11B H 0.2080 -0.3644 0.9819 0.037 Uiso 1 1 calc R . .     
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H11C H 0.1282 -0.4085 0.9144 0.037 Uiso 1 1 calc R . .  
C12 C -0.0495(4) -0.3652(8) 0.9409(4) 0.0272(16) Uani 1 1 d . . .  
H12A H -0.0471 -0.3332 0.9891 0.041 Uiso 1 1 calc R . .  
H12B H -0.0010 -0.3479 0.9415 0.041 Uiso 1 1 calc R . .  
H12C H -0.0612 -0.4688 0.9340 0.041 Uiso 1 1 calc R . .  
C13 C -0.2067(4) -0.3160(9) 0.8653(5) 0.036(2) Uani 1 1 d . . .  
H13A H -0.2067 -0.2812 0.9119 0.054 Uiso 1 1 calc R . .  
H13B H -0.2120 -0.4216 0.8625 0.054 Uiso 1 1 calc R . .  
H13C H -0.2487 -0.2722 0.8214 0.054 Uiso 1 1 calc R . .  
C14 C -0.1219(7) -0.3301(9) 0.7807(5) 0.049(3) Uani 1 1 d . . .  
H14A H -0.1604 -0.2778 0.7375 0.074 Uiso 1 1 calc R . .  
H14B H -0.1334 -0.4339 0.7752 0.074 Uiso 1 1 calc R . .  
H14C H -0.0728 -0.3138 0.7826 0.074 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Sb1 0.0131(2) 0.0117(2) 0.0130(2) -0.00070(15) 0.00543(16) -0.00005(15)  
Sb2 0.0135(2) 0.0114(2) 0.0131(2) 0.00072(15) 0.00546(16) -0.00011(15)  
Br1 0.0293(4) 0.0186(3) 0.0200(3) -0.0047(3) 0.0071(3) -0.0068(3)  
Br2 0.0171(3) 0.0170(3) 0.0246(4) 0.0019(3) 0.0075(3) 0.0041(2)  
Br3 0.0234(3) 0.0171(3) 0.0265(4) 0.0017(3) 0.0129(3) -0.0029(3)  
Br4 0.0180(3) 0.0148(3) 0.0236(3) 0.0014(3) 0.0094(3) 0.0013(2)  
P1 0.0134(8) 0.0147(8) 0.0140(8) 0.0005(6) 0.0035(6) 0.0020(6)  
P2 0.0146(8) 0.0138(8) 0.0159(8) -0.0005(6) 0.0080(6) -0.0023(6)  
P3 0.0131(8) 0.0127(8) 0.0160(8) 0.0019(6) 0.0059(6) 0.0015(6)  
P4 0.0207(8) 0.0140(8) 0.0157(8) -0.0007(6) 0.0076(7) -0.0020(6)  
O1 0.015(2) 0.013(2) 0.022(2) -0.0005(19) -0.0001(19) 0.0030(18)  
O2 0.014(2) 0.012(2) 0.021(2) -0.0014(18) 0.0044(19) -0.0022(17)  
O3 0.012(2) 0.016(2) 0.028(3) 0.001(2) 0.0064(19) -0.0002(18)  
O4 0.020(2) 0.015(2) 0.026(3) 0.0016(19) 0.012(2) 0.0000(18)  
C1 0.034(4) 0.018(3) 0.015(3) -0.003(3) 0.011(3) 0.001(3)  
C2 0.028(4) 0.021(3) 0.018(3) 0.001(3) 0.013(3) 0.004(3)  
C3 0.024(4) 0.027(4) 0.019(3) 0.002(3) 0.009(3) 0.001(3)  
C4 0.027(4) 0.032(4) 0.020(3) 0.001(3) 0.014(3) 0.007(3)  
C5 0.020(3) 0.014(3) 0.026(4) -0.003(3) 0.009(3) 0.002(3)  
C6 0.020(3) 0.015(3) 0.034(4) -0.006(3) 0.016(3) -0.006(3)  
C7 0.055(5) 0.028(4) 0.028(4) 0.003(3) 0.031(4) -0.002(4)  
C8 0.020(4) 0.027(4) 0.036(4) -0.004(3) 0.005(3) -0.007(3)  
C9 0.022(3) 0.022(3) 0.014(3) -0.001(3) 0.008(3) -0.001(3)  
C10 0.021(3) 0.024(4) 0.012(3) -0.003(3) 0.008(3) 0.000(3)  
C11 0.026(4) 0.014(3) 0.032(4) 0.009(3) 0.013(3) 0.005(3)  
C12 0.023(4) 0.021(4) 0.034(4) 0.006(3) 0.009(3) 0.001(3)  
C13 0.015(4) 0.025(4) 0.059(6) 0.009(4) 0.007(4) -0.003(3)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  270 
 
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Sb1 C1 2.120(7) . ?  
Sb1 O2 2.203(4) . ?  
Sb1 O1 2.235(4) . ?  
Sb1 Br2 2.8344(8) . ?  
Sb1 Br1 2.8370(9) . ?  
Sb2 C2 2.128(7) . ?  
Sb2 O4 2.244(5) . ?  
Sb2 O3 2.261(5) . ?  
Sb2 Br3 2.8072(9) . ?  
Sb2 Br4 2.8133(8) . ?  
P1 O1 1.524(5) . ?  
P1 C3 1.773(7) . ?  
P1 C4 1.782(7) . ?  
P1 C5 1.791(7) . ?  
P2 O2 1.527(5) . ?  
P2 C7 1.775(7) . ?  
P2 C8 1.785(7) . ?  
P2 C6 1.790(7) . ?  
P3 O3 1.524(5) . ?  
P3 C11 1.781(7) . ?  
P3 C9 1.781(7) . ?  
P3 C10 1.782(7) . ?  
P4 O4 1.524(5) . ?  
P4 C14 1.763(8) . ?  
P4 C12 1.778(7) . ?  
P4 C13 1.786(8) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
C3 H3A 0.9800 . ?  
C3 H3B 0.9800 . ?  
C3 H3C 0.9800 . ?  
C4 H4A 0.9800 . ?  
C4 H4B 0.9800 . ?  
C4 H4C 0.9800 . ?  
C5 H5A 0.9800 . ?  
C5 H5B 0.9800 . ?  
C5 H5C 0.9800 . ?     
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C6 H6A 0.9800 . ?  
C6 H6B 0.9800 . ?  
C6 H6C 0.9800 . ?  
C7 H7A 0.9800 . ?  
C7 H7B 0.9800 . ?  
C7 H7C 0.9800 . ?  
C8 H8A 0.9800 . ?  
C8 H8B 0.9800 . ?  
C8 H8C 0.9800 . ?  
C9 H9A 0.9800 . ?  
C9 H9B 0.9800 . ?  
C9 H9C 0.9800 . ?  
C10 H10A 0.9800 . ?  
C10 H10B 0.9800 . ?  
C10 H10C 0.9800 . ?  
C11 H11A 0.9800 . ?  
C11 H11B 0.9800 . ?  
C11 H11C 0.9800 . ?  
C12 H12A 0.9800 . ?  
C12 H12B 0.9800 . ?  
C12 H12C 0.9800 . ?  
C13 H13A 0.9800 . ?  
C13 H13B 0.9800 . ?  
C13 H13C 0.9800 . ?  
C14 H14A 0.9800 . ?  
C14 H14B 0.9800 . ?  
C14 H14C 0.9800 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 Sb1 O2 88.1(2) . . ?  
C1 Sb1 O1 86.8(2) . . ?  
O2 Sb1 O1 83.11(16) . . ?  
C1 Sb1 Br2 84.72(19) . . ?  
O2 Sb1 Br2 87.71(12) . . ?  
O1 Sb1 Br2 167.72(12) . . ?  
C1 Sb1 Br1 85.61(19) . . ?  
O2 Sb1 Br1 171.79(12) . . ?  
O1 Sb1 Br1 91.25(12) . . ?  
Br2 Sb1 Br1 96.97(3) . . ?  
C2 Sb2 O4 87.7(2) . . ?  
C2 Sb2 O3 85.2(2) . . ?  
O4 Sb2 O3 83.94(16) . . ?  
C2 Sb2 Br3 85.8(2) . . ?  
O4 Sb2 Br3 172.88(12) . . ?  
O3 Sb2 Br3 92.52(12) . . ?  
C2 Sb2 Br4 85.33(19) . . ?  
O4 Sb2 Br4 87.90(12) . . ?  272 
 
O3 Sb2 Br4 167.72(12) . . ?  
Br3 Sb2 Br4 94.55(3) . . ?  
O1 P1 C3 112.6(3) . . ?  
O1 P1 C4 111.7(3) . . ?  
C3 P1 C4 107.4(4) . . ?  
O1 P1 C5 109.9(3) . . ?  
C3 P1 C5 107.3(3) . . ?  
C4 P1 C5 107.6(3) . . ?  
O2 P2 C7 112.3(3) . . ?  
O2 P2 C8 109.3(3) . . ?  
C7 P2 C8 109.0(4) . . ?  
O2 P2 C6 113.8(3) . . ?  
C7 P2 C6 106.4(4) . . ?  
C8 P2 C6 105.7(4) . . ?  
O3 P3 C11 110.5(3) . . ?  
O3 P3 C9 111.1(3) . . ?  
C11 P3 C9 107.7(3) . . ?  
O3 P3 C10 112.1(3) . . ?  
C11 P3 C10 107.8(3) . . ?  
C9 P3 C10 107.5(3) . . ?  
O4 P4 C14 111.9(3) . . ?  
O4 P4 C12 113.6(3) . . ?  
C14 P4 C12 107.0(4) . . ?  
O4 P4 C13 109.8(3) . . ?  
C14 P4 C13 108.6(5) . . ?  
C12 P4 C13 105.7(4) . . ?  
P1 O1 Sb1 138.5(3) . . ?  
P2 O2 Sb1 139.2(3) . . ?  
P3 O3 Sb2 135.8(3) . . ?  
P4 O4 Sb2 138.5(3) . . ?  
Sb1 C1 H1A 109.5 . . ?  
Sb1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Sb1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
Sb2 C2 H2A 109.5 . . ?  
Sb2 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
Sb2 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  
P1 C3 H3A 109.5 . . ?  
P1 C3 H3B 109.5 . . ?  
H3A C3 H3B 109.5 . . ?  
P1 C3 H3C 109.5 . . ?  
H3A C3 H3C 109.5 . . ?  
H3B C3 H3C 109.5 . . ?  
P1 C4 H4A 109.5 . . ?  
P1 C4 H4B 109.5 . . ?  
H4A C4 H4B 109.5 . . ?  
P1 C4 H4C 109.5 . . ?  
H4A C4 H4C 109.5 . . ?  
H4B C4 H4C 109.5 . . ?     
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P1 C5 H5A 109.5 . . ?  
P1 C5 H5B 109.5 . . ?  
H5A C5 H5B 109.5 . . ?  
P1 C5 H5C 109.5 . . ?  
H5A C5 H5C 109.5 . . ?  
H5B C5 H5C 109.5 . . ?  
P2 C6 H6A 109.5 . . ?  
P2 C6 H6B 109.5 . . ?  
H6A C6 H6B 109.5 . . ?  
P2 C6 H6C 109.5 . . ?  
H6A C6 H6C 109.5 . . ?  
H6B C6 H6C 109.5 . . ?  
P2 C7 H7A 109.5 . . ?  
P2 C7 H7B 109.5 . . ?  
H7A C7 H7B 109.5 . . ?  
P2 C7 H7C 109.5 . . ?  
H7A C7 H7C 109.5 . . ?  
H7B C7 H7C 109.5 . . ?  
P2 C8 H8A 109.5 . . ?  
P2 C8 H8B 109.5 . . ?  
H8A C8 H8B 109.5 . . ?  
P2 C8 H8C 109.5 . . ?  
H8A C8 H8C 109.5 . . ?  
H8B C8 H8C 109.5 . . ?  
P3 C9 H9A 109.5 . . ?  
P3 C9 H9B 109.5 . . ?  
H9A C9 H9B 109.5 . . ?  
P3 C9 H9C 109.5 . . ?  
H9A C9 H9C 109.5 . . ?  
H9B C9 H9C 109.5 . . ?  
P3 C10 H10A 109.5 . . ?  
P3 C10 H10B 109.5 . . ?  
H10A C10 H10B 109.5 . . ?  
P3 C10 H10C 109.5 . . ?  
H10A C10 H10C 109.5 . . ?  
H10B C10 H10C 109.5 . . ?  
P3 C11 H11A 109.5 . . ?  
P3 C11 H11B 109.5 . . ?  
H11A C11 H11B 109.5 . . ?  
P3 C11 H11C 109.5 . . ?  
H11A C11 H11C 109.5 . . ?  
H11B C11 H11C 109.5 . . ?  
P4 C12 H12A 109.5 . . ?  
P4 C12 H12B 109.5 . . ?  
H12A C12 H12B 109.5 . . ?  
P4 C12 H12C 109.5 . . ?  
H12A C12 H12C 109.5 . . ?  
H12B C12 H12C 109.5 . . ?  
P4 C13 H13A 109.5 . . ?  
P4 C13 H13B 109.5 . . ?  
H13A C13 H13B 109.5 . . ?  
P4 C13 H13C 109.5 . . ?  
H13A C13 H13C 109.5 . . ?  
H13B C13 H13C 109.5 . . ?  274 
 
P4 C14 H14A 109.5 . . ?  
P4 C14 H14B 109.5 . . ?  
H14A C14 H14B 109.5 . . ?  
P4 C14 H14C 109.5 . . ?  
H14A C14 H14C 109.5 . . ?  
H14B C14 H14C 109.5 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C3 P1 O1 Sb1 -44.3(5) . . . . ?  
C4 P1 O1 Sb1 76.6(5) . . . . ?  
C5 P1 O1 Sb1 -164.0(4) . . . . ?  
C1 Sb1 O1 P1 -104.6(5) . . . . ?  
O2 Sb1 O1 P1 167.0(5) . . . . ?  
Br2 Sb1 O1 P1 -151.2(3) . . . . ?  
Br1 Sb1 O1 P1 -19.0(4) . . . . ?  
C7 P2 O2 Sb1 59.0(5) . . . . ?  
C8 P2 O2 Sb1 -179.9(4) . . . . ?  
C6 P2 O2 Sb1 -62.0(5) . . . . ?  
C1 Sb1 O2 P2 -74.2(5) . . . . ?  
O1 Sb1 O2 P2 12.8(4) . . . . ?  
Br2 Sb1 O2 P2 -159.0(4) . . . . ?  
# Br1 Sb1 O2 P2 -34.0(12) . . . . ?  
C11 P3 O3 Sb2 157.2(4) . . . . ?  
C9 P3 O3 Sb2 -83.4(5) . . . . ?  
C10 P3 O3 Sb2 37.0(5) . . . . ?  
C2 Sb2 O3 P3 110.7(4) . . . . ?  
O4 Sb2 O3 P3 -161.1(4) . . . . ?  
Br3 Sb2 O3 P3 25.1(4) . . . . ?  
Br4 Sb2 O3 P3 150.2(3) . . . . ?  
C14 P4 O4 Sb2 -64.9(6) . . . . ?  
C12 P4 O4 Sb2 56.4(5) . . . . ?  
C13 P4 O4 Sb2 174.4(5) . . . . ?  
C2 Sb2 O4 P4 77.6(5) . . . . ?  
O3 Sb2 O4 P4 -7.8(4) . . . . ?  
# Br3 Sb2 O4 P4 52.7(13) . . . . ?  
Br4 Sb2 O4 P4 163.0(4) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.993  
_diffrn_reflns_theta_full              27.53  
_diffrn_measured_fraction_theta_full   0.993  
_refine_diff_density_max    1.986  
_refine_diff_density_min   -1.222  
_refine_diff_density_rms    0.192 
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 dichloro-methylbis(triphenylphosphine oxide-O)antimony(III) 
; 
 
# Ph3PO = C18H15OP 
# triphenylphosphine oxide  
# triphenylphosphine oxide (i-Lab IUPAC name (defaults)) 
# triphenylphosphane oxide (iLab name (selected options) 
# Chemspider gave diphenylphosphorylbenzene (+ several other names) 
 
 
_chemical_name_common             ? 
_chemical_melting_point           ? 
_chemical_formula_moiety          'C37 H33 Cl2 O2 P2 Sb' 
_chemical_formula_sum 
 'C37 H33 Cl2 O2 P2 Sb' 
_chemical_formula_structural     '((C6 H5)3 P O)2 ((C H3) Cl2 Sb)'  








 'C'  'C'   0.0033   0.0016 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'H'  'H'   0.0000   0.0000 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'O'  'O'   0.0106   0.0060 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'P'  'P'   0.1023   0.0942 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'Cl'  'Cl'   0.1484   0.1585 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'Sb'  'Sb'  -0.5866   1.5461 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
  
_symmetry_cell_setting            Monoclinic 
_symmetry_space_group_name_H-M    'C 2/c' 276 
 
_space_group_name_Hall        '-C 2yc ' 




 'x, y, z' 
 '-x, y, -z+1/2' 
 'x+1/2, y+1/2, z' 
 '-x+1/2, y+1/2, -z+1/2' 
 '-x, -y, -z' 
 'x, -y, z-1/2' 
 '-x+1/2, -y+1/2, -z' 
 'x+1/2, -y+1/2, z-1/2' 
  
_cell_length_a                    17.307(3) 
_cell_length_b                    12.339(3) 
_cell_length_c                    17.099(4) 
_cell_angle_alpha                 90.00 
_cell_angle_beta                  104.664(15) 
_cell_angle_gamma                 90.00 
_cell_volume                      3532.6(13) 
_cell_formula_units_Z             4 
_cell_measurement_temperature     120(2) 
_cell_measurement_reflns_used     22090 
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48 
  
_exptl_crystal_description        block 
_exptl_crystal_colour             colourless 
_exptl_crystal_size_max           0.40 
_exptl_crystal_size_mid           0.20 
_exptl_crystal_size_min           0.08 
_exptl_crystal_density_meas       ? 
_exptl_crystal_density_diffrn     1.437 
_exptl_crystal_density_method     'not measured' 
_exptl_crystal_F_000              1544 
_exptl_absorpt_coefficient_mu     1.054 
_exptl_absorpt_correction_type    multi-scan 
_exptl_absorpt_correction_T_min   0.7969 # Expt'l Tmin & Tmax  
_exptl_absorpt_correction_T_max   1.0000 # Scaled to Tmax=1.0  







_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source          'Bruker-Nonius FR591 rotating anode' 
_diffrn_radiation_monochromator    graphite 
_diffrn_measurement_device_type    
                      'Bruker-Nonius Roper CCD camera on \k-goniostat'    
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_diffrn_measurement_method        '\f & \w scans' 
_diffrn_detector_area_resol_mean  ? 
_diffrn_standards_number          ? 
_diffrn_standards_interval_count  ? 
_diffrn_standards_interval_time   ? 
_diffrn_standards_decay_%         ? 
_diffrn_reflns_number             25941 
_diffrn_reflns_av_R_equivalents   0.0401 
_diffrn_reflns_av_sigmaI/netI     0.0278 
_diffrn_reflns_limit_h_min        -21 
_diffrn_reflns_limit_h_max        22 
_diffrn_reflns_limit_k_min        -16 
_diffrn_reflns_limit_k_max        16 
_diffrn_reflns_limit_l_min        -22 
_diffrn_reflns_limit_l_max        22 
_diffrn_reflns_theta_min          2.96 
_diffrn_reflns_theta_max          27.54 
_reflns_number_total              4054 
_reflns_number_gt                 3296 
_reflns_threshold_expression      I>2\s(I) 
  
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'DIRDIF-99 (Beurskens, 1999)'  
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and 
 goodness of fit S are based on F^2^, conventional R-factors R are based 
 on F, with F set to zero for negative F^2^. The threshold expression of 
 F^2^ > 2\s(F^2^) is used only for calculating R-factors(gt) etc. and is 
 not relevant to the choice of reflections for refinement.  R-factors based 
 on F^2^ are statistically about twice as large as those based on F, and R- 
 factors based on ALL data will be even larger. 
 
Disorder of the methyl group over two symmetry equivalent positions was  
modelled by setting the occupancy of the methyl group to 0.5 
; 
  
_refine_ls_structure_factor_coef  Fsqd 
_refine_ls_matrix_type            full 
_refine_ls_weighting_scheme       calc 
_refine_ls_weighting_details 
 'calc w=1/[\s^2^(Fo^2^)+(0.0473P)^2^+5.6464P] where P=(Fo^2^+2Fc^2^)/3' 
_atom_sites_solution_primary      direct 
_atom_sites_solution_secondary    difmap 
_atom_sites_solution_hydrogens    geom 
_refine_ls_hydrogen_treatment     constr 
_refine_ls_extinction_method      none 
_refine_ls_extinction_coef        ? 278 
 
_refine_ls_number_reflns          4054 
_refine_ls_number_parameters      205 
_refine_ls_number_restraints      0 
_refine_ls_R_factor_all           0.0534 
_refine_ls_R_factor_gt            0.0404 
_refine_ls_wR_factor_ref          0.1053 
_refine_ls_wR_factor_gt           0.0981 
_refine_ls_goodness_of_fit_ref    1.042 
_refine_ls_restrained_S_all       1.042 
_refine_ls_shift/su_max           0.008 
















Sb1 Sb 0.0000 0.33070(2) 0.2500 0.05725(13) Uani 1 2 d S . . 
Cl1 Cl -0.09647(6) 0.19083(7) 0.17481(7) 0.0763(3) Uani 1 1 d . . . 
P1 P 0.15293(4) 0.55788(6) 0.29327(4) 0.04225(17) Uani 1 1 d . . . 
O1 O 0.09296(11) 0.48081(17) 0.31219(12) 0.0502(5) Uani 1 1 d . . . 
C1 C 0.0505(4) 0.3329(4) 0.1615(4) 0.0480(13) Uani 0.50 1 d P . . 
H1A H 0.0300 0.3942 0.1259 0.072 Uiso 0.50 1 calc PR . . 
H1B H 0.0388 0.2651 0.1309 0.072 Uiso 0.50 1 calc PR . . 
H1C H 0.1084 0.3404 0.1828 0.072 Uiso 0.50 1 calc PR . . 
C2 C 0.14245(17) 0.6907(2) 0.33340(17) 0.0460(6) Uani 1 1 d . . . 
C3 C 0.1505(3) 0.6987(3) 0.4157(2) 0.0726(10) Uani 1 1 d . . . 
H3 H 0.1638 0.6364 0.4490 0.087 Uiso 1 1 calc R . . 
C4 C 0.1391(3) 0.7975(4) 0.4496(3) 0.0878(13) Uani 1 1 d . . . 
H4 H 0.1447 0.8026 0.5062 0.105 Uiso 1 1 calc R . . 
C5 C 0.1199(2) 0.8876(3) 0.4025(3) 0.0819(12) Uani 1 1 d . . . 
H5 H 0.1125 0.9551 0.4262 0.098 Uiso 1 1 calc R . . 
C6 C 0.1115(3) 0.8803(3) 0.3217(3) 0.0865(12) Uani 1 1 d . . . 
H6 H 0.0972 0.9427 0.2886 0.104 Uiso 1 1 calc R . . 
C7 C 0.1237(2) 0.7832(3) 0.2875(2) 0.0718(10) Uani 1 1 d . . . 
H7 H 0.1190 0.7798 0.2309 0.086 Uiso 1 1 calc R . . 
C8 C 0.14240(17) 0.5728(3) 0.18659(17) 0.0501(7) Uani 1 1 d . . . 
C9 C 0.06730(19) 0.5998(4) 0.13799(19) 0.0671(10) Uani 1 1 d . . . 
H9 H 0.0244 0.6129 0.1621 0.080 Uiso 1 1 calc R . . 
C10 C 0.0547(2) 0.6075(4) 0.05492(19) 0.0735(11) Uani 1 1 d . . . 
H10 H 0.0033 0.6257 0.0222 0.088 Uiso 1 1 calc R . . 
C11 C 0.1168(2) 0.5888(4) 0.0199(2) 0.0722(10) Uani 1 1 d . . . 
H11 H 0.1082 0.5941 -0.0371 0.087 Uiso 1 1 calc R . . 
C12 C 0.1911(2) 0.5625(4) 0.0670(2) 0.0771(11) Uani 1 1 d . . . 
H12 H 0.2338 0.5497 0.0425 0.093 Uiso 1 1 calc R . .    
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C13 C 0.2042(2) 0.5545(3) 0.15039(19) 0.0655(9) Uani 1 1 d . . . 
H13 H 0.2558 0.5365 0.1827 0.079 Uiso 1 1 calc R . . 
C14 C 0.25292(16) 0.5130(3) 0.34012(16) 0.0478(7) Uani 1 1 d . . . 
C15 C 0.2627(2) 0.4121(3) 0.3770(2) 0.0602(8) Uani 1 1 d . . . 
H15 H 0.2174 0.3682 0.3760 0.072 Uiso 1 1 calc R . . 
C16 C 0.3388(2) 0.3749(4) 0.4155(3) 0.0767(10) Uani 1 1 d . . . 
H16 H 0.3454 0.3066 0.4420 0.092 Uiso 1 1 calc R . . 
C17 C 0.4043(2) 0.4372(4) 0.4149(2) 0.0781(11) Uani 1 1 d . . . 
H17 H 0.4561 0.4114 0.4408 0.094 Uiso 1 1 calc R . . 
C18 C 0.3957(2) 0.5361(4) 0.3775(2) 0.0736(11) Uani 1 1 d . . . 
H18 H 0.4416 0.5778 0.3766 0.088 Uiso 1 1 calc R . . 
C19 C 0.31976(18) 0.5757(3) 0.34074(19) 0.0590(8) Uani 1 1 d . . . 










Sb1 0.05123(19) 0.03420(16) 0.0757(2) 0.000 -0.00350(14) 0.000 
Cl1 0.0682(5) 0.0479(5) 0.1036(7) -0.0055(4) 0.0049(5) -0.0222(4) 
P1 0.0379(4) 0.0511(4) 0.0382(4) -0.0076(3) 0.0106(3) -0.0070(3) 
O1 0.0446(10) 0.0538(12) 0.0543(12) -0.0076(9) 0.0165(9) -0.0107(9) 
C1 0.061(4) 0.033(3) 0.050(3) -0.007(2) 0.013(3) 0.001(2) 
C2 0.0423(14) 0.0506(16) 0.0464(15) -0.0066(12) 0.0139(12) -0.0073(11) 
C3 0.100(3) 0.069(2) 0.0455(18) -0.0096(16) 0.0121(18) 0.011(2) 
C4 0.108(3) 0.090(3) 0.063(2) -0.034(2) 0.018(2) 0.003(3) 
C5 0.079(3) 0.058(2) 0.118(4) -0.033(2) 0.041(2) -0.0129(19) 
C6 0.120(4) 0.052(2) 0.101(3) 0.003(2) 0.052(3) 0.001(2) 
C7 0.099(3) 0.058(2) 0.067(2) 0.0041(17) 0.036(2) 0.0009(19) 
C8 0.0419(15) 0.069(2) 0.0405(14) -0.0136(13) 0.0128(11) -0.0103(13) 
C9 0.0445(17) 0.111(3) 0.0463(17) -0.0071(18) 0.0119(13) -0.0102(17) 
C10 0.0530(19) 0.116(3) 0.0452(17) -0.0068(19) 0.0012(14) -0.018(2) 
C11 0.077(2) 0.100(3) 0.0393(16) -0.0161(17) 0.0141(15) -0.017(2) 
C12 0.067(2) 0.121(3) 0.0494(19) -0.016(2) 0.0265(16) 0.001(2) 
C13 0.0527(18) 0.098(3) 0.0473(17) -0.0127(17) 0.0162(14) 0.0012(17) 
C14 0.0445(15) 0.0599(18) 0.0398(14) -0.0096(13) 0.0123(11) -0.0039(12) 
C15 0.0554(18) 0.063(2) 0.064(2) -0.0018(16) 0.0186(15) 0.0021(15) 
C16 0.071(2) 0.076(3) 0.083(3) 0.005(2) 0.0179(19) 0.019(2) 
C17 0.054(2) 0.104(3) 0.072(2) -0.008(2) 0.0074(17) 0.018(2) 
C18 0.0438(18) 0.104(3) 0.072(2) -0.015(2) 0.0117(16) -0.0098(18) 




 All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) 
 are estimated using the full covariance matrix.  The cell s.u.'s are taken 
 into account individually in the estimation of s.u.'s in distances, angles 
 and torsion angles; correlations between s.u.'s in cell parameters are only 
 used when they are defined by crystal symmetry.  An approximate (isotropic) 










Sb1 C1 1.929(6) 2 ? 
Sb1 C1 1.929(6) . ? 
Sb1 O1 2.507(2) . ? 
Sb1 O1 2.5067(19) 2 ? 
Sb1 Cl1 2.5165(9) . ? 
Sb1 Cl1 2.5164(9) 2 ? 
P1 O1 1.502(2) . ? 
P1 C8 1.796(3) . ? 
P1 C14 1.801(3) . ? 
P1 C2 1.804(3) . ? 
C1 H1A 0.9800 . ? 
C1 H1B 0.9800 . ? 
C1 H1C 0.9800 . ? 
C2 C7 1.377(5) . ? 
C2 C3 1.382(4) . ? 
C3 C4 1.385(5) . ? 
C3 H3 0.9500 . ? 
C4 C5 1.364(6) . ? 
C4 H4 0.9500 . ? 
C5 C6 1.355(6) . ? 
C5 H5 0.9500 . ? 
C6 C7 1.372(6) . ? 
C6 H6 0.9500 . ? 
C7 H7 0.9500 . ? 
C8 C13 1.384(4) . ? 
C8 C9 1.394(4) . ? 
C9 C10 1.385(4) . ? 
C9 H9 0.9500 . ? 
C10 C11 1.375(5) . ? 
C10 H10 0.9500 . ? 
C11 C12 1.373(5) . ? 
C11 H11 0.9500 . ? 
C12 C13 1.389(5) . ? 
C12 H12 0.9500 . ? 
C13 H13 0.9500 . ? 
C14 C15 1.386(5) . ? 
C14 C19 1.390(4) . ? 
C15 C16 1.394(5) . ? 
C15 H15 0.9500 . ? 
C16 C17 1.370(6) . ? 
C16 H16 0.9500 . ? 
C17 C18 1.368(6) . ? 
C17 H17 0.9500 . ? 
C18 C19 1.394(5) . ? 
C18 H18 0.9500 . ? 












C1 Sb1 C1 178.4(3) 2 . ? 
C1 Sb1 O1 91.52(18) 2 . ? 
C1 Sb1 O1 87.30(17) . . ? 
C1 Sb1 O1 87.30(17) 2 2 ? 
C1 Sb1 O1 91.52(18) . 2 ? 
O1 Sb1 O1 84.72(10) . 2 ? 
C1 Sb1 Cl1 92.09(18) 2 . ? 
C1 Sb1 Cl1 89.01(17) . . ? 
O1 Sb1 Cl1 174.31(5) . . ? 
O1 Sb1 Cl1 91.06(6) 2 . ? 
C1 Sb1 Cl1 89.01(17) 2 2 ? 
C1 Sb1 Cl1 92.09(18) . 2 ? 
O1 Sb1 Cl1 91.06(6) . 2 ? 
O1 Sb1 Cl1 174.31(5) 2 2 ? 
Cl1 Sb1 Cl1 93.40(5) . 2 ? 
O1 P1 C8 112.68(13) . . ? 
O1 P1 C14 110.36(14) . . ? 
C8 P1 C14 108.81(13) . . ? 
O1 P1 C2 110.60(12) . . ? 
C8 P1 C2 107.41(15) . . ? 
C14 P1 C2 106.76(14) . . ? 
P1 O1 Sb1 141.33(12) . . ? 
Sb1 C1 H1A 109.5 . . ? 
Sb1 C1 H1B 109.5 . . ? 
H1A C1 H1B 109.5 . . ? 
Sb1 C1 H1C 109.5 . . ? 
H1A C1 H1C 109.5 . . ? 
H1B C1 H1C 109.5 . . ? 
C7 C2 C3 118.0(3) . . ? 
C7 C2 P1 124.6(2) . . ? 
C3 C2 P1 117.3(3) . . ? 
C2 C3 C4 120.1(4) . . ? 
C2 C3 H3 120.0 . . ? 
C4 C3 H3 120.0 . . ? 
C5 C4 C3 120.5(4) . . ? 
C5 C4 H4 119.7 . . ? 
C3 C4 H4 119.7 . . ? 
C6 C5 C4 119.8(4) . . ? 
C6 C5 H5 120.1 . . ? 
C4 C5 H5 120.1 . . ? 
C5 C6 C7 120.2(4) . . ? 
C5 C6 H6 119.9 . . ? 
C7 C6 H6 119.9 . . ? 
C6 C7 C2 121.3(4) . . ? 
C6 C7 H7 119.3 . . ? 282 
 
C2 C7 H7 119.3 . . ? 
C13 C8 C9 118.8(3) . . ? 
C13 C8 P1 123.1(2) . . ? 
C9 C8 P1 118.0(2) . . ? 
C10 C9 C8 120.6(3) . . ? 
C10 C9 H9 119.7 . . ? 
C8 C9 H9 119.7 . . ? 
C11 C10 C9 119.8(3) . . ? 
C11 C10 H10 120.1 . . ? 
C9 C10 H10 120.1 . . ? 
C12 C11 C10 120.3(3) . . ? 
C12 C11 H11 119.9 . . ? 
C10 C11 H11 119.9 . . ? 
C11 C12 C13 120.3(3) . . ? 
C11 C12 H12 119.9 . . ? 
C13 C12 H12 119.9 . . ? 
C8 C13 C12 120.3(3) . . ? 
C8 C13 H13 119.9 . . ? 
C12 C13 H13 119.9 . . ? 
C15 C14 C19 119.4(3) . . ? 
C15 C14 P1 118.1(2) . . ? 
C19 C14 P1 122.4(3) . . ? 
C14 C15 C16 120.2(3) . . ? 
C14 C15 H15 119.9 . . ? 
C16 C15 H15 119.9 . . ? 
C17 C16 C15 119.7(4) . . ? 
C17 C16 H16 120.1 . . ? 
C15 C16 H16 120.1 . . ? 
C18 C17 C16 120.8(3) . . ? 
C18 C17 H17 119.6 . . ? 
C16 C17 H17 119.6 . . ? 
C17 C18 C19 120.1(3) . . ? 
C17 C18 H18 119.9 . . ? 
C19 C18 H18 119.9 . . ? 
C14 C19 C18 119.7(4) . . ? 
C14 C19 H19 120.1 . . ? 
C18 C19 H19 120.1 . . ? 
  
_diffrn_measured_fraction_theta_max    0.992 
_diffrn_reflns_theta_full              27.54 
_diffrn_measured_fraction_theta_full   0.992 
_refine_diff_density_max    0.530 
_refine_diff_density_min   -1.426 








_audit_creation_method          'SHELXL-97 + hand edit' 
_audit_creation_date            '2011-04-28' 









# Me2SbBr = C2H6BrSb 
# bromo(dimethyl)stibine (iLab defaults) 
# bromo(dimethyl)stibane (iLab selected options) 
 
  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C7 H6 Br Cr O5 Sb'   
_chemical_formula_sum            'C7 H6 Br Cr O5 Sb' 
_chemical_formula_structural     '(C2 H6 Br Sb) (C O)5 Cr'   
_chemical_formula_weight          423.78  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cr'  'Cr'   0.3209   0.6236  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2901   2.4595  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 
_symmetry_cell_setting            monoclinic  
_symmetry_space_group_name_H-M    'P 21/c' 
_space_group_IT_number             14          
_space_group_name_Hall            '-P 2ybc' 
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    16.261(5)  
_cell_length_b                    6.488(5)  
_cell_length_c                    12.287(5)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  107.735(5)  284 
 
_cell_angle_gamma                 90.00  
_cell_volume                      1234.7(11)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     120(2) 
_cell_measurement_reflns_used     50128 
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48 
  
_exptl_crystal_description        plate  
_exptl_crystal_colour             yellow  
_exptl_crystal_size_max           0.40  
_exptl_crystal_size_mid           0.30  
_exptl_crystal_size_min           0.03  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.280  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              792  
_exptl_absorpt_coefficient_mu     6.300  
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.3948  
_exptl_absorpt_correction_T_max   0.7456  
_exptl_absorpt_process_details  




 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source          'Bruker-Nonius FR591 rotating anode'  
_diffrn_radiation_monochromator   '10cm confocal mirrors' 
_diffrn_measurement_device_type   
                     'Bruker-Nonius APEX II CCD camera on \k-goniostat'  
_diffrn_measurement_method        '\f & \w scans' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             14744  
_diffrn_reflns_av_R_equivalents   0.0601  
_diffrn_reflns_av_sigmaI/netI     0.0402  
_diffrn_reflns_limit_h_min        -20  
_diffrn_reflns_limit_h_max        20  
_diffrn_reflns_limit_k_min        -8  
_diffrn_reflns_limit_k_max        8  
_diffrn_reflns_limit_l_min        -15  
_diffrn_reflns_limit_l_max        15  
_diffrn_reflns_theta_min          3.40  
_diffrn_reflns_theta_max          26.00  
_reflns_number_total              2377     
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_reflns_number_gt                 2289  
_reflns_threshold_expression      I>2\s(I)  
 
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'SHELXS-97 (Sheldrick, 1997)'  
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0897P)^2^+13.0506P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          2377  
_refine_ls_number_parameters      136  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0661  
_refine_ls_R_factor_gt            0.0650  
_refine_ls_wR_factor_ref          0.1815  
_refine_ls_wR_factor_gt           0.1804  
_refine_ls_goodness_of_fit_ref    1.268  
_refine_ls_restrained_S_all       1.268  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  286 
 
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Cr1 Cr 0.33942(8) -0.00312(19) 0.31635(10) 0.0171(3) Uani 1 1 d . . .  
Sb1 Sb 0.18932(3) 0.10384(9) 0.32571(4) 0.0229(3) Uani 1 1 d . . .  
Br1 Br 0.07917(7) 0.0168(3) 0.13709(9) 0.0620(5) Uani 1 1 d . . .  
O1 O 0.2712(5) -0.4057(10) 0.2011(6) 0.0335(16) Uani 1 1 d . . .  
O2 O 0.2964(4) 0.1918(10) 0.0805(5) 0.0306(14) Uani 1 1 d . . .  
O3 O 0.4193(5) 0.4029(10) 0.4247(6) 0.0342(16) Uani 1 1 d . . .  
O4 O 0.3789(5) -0.2159(11) 0.5475(5) 0.0347(15) Uani 1 1 d . . .  
O5 O 0.5140(4) -0.1340(11) 0.3018(6) 0.0349(15) Uani 1 1 d . . .  
C1  C 0.1226(7) -0.0379(16) 0.4302(8) 0.034(2) Uani 1 1 d . . .  
H1A H 0.1343 -0.1863 0.4348 0.050 Uiso 1 1 calc R . .  
H1B H 0.0604 -0.0146 0.3970 0.050 Uiso 1 1 calc R . .  
H1C H 0.1423 0.0220 0.5071 0.050 Uiso 1 1 calc R . .  
C2  C 0.1487(8) 0.4165(17) 0.3349(12) 0.047(3) Uani 1 1 d . . .  
H2A H 0.1747 0.5053 0.2898 0.070 Uiso 1 1 calc R . .  
H2B H 0.1673 0.4623 0.4147 0.070 Uiso 1 1 calc R . .  
H2C H 0.0857 0.4246 0.3045 0.070 Uiso 1 1 calc R . .  
C3 C 0.2940(6) -0.2527(14) 0.2449(7) 0.0241(17) Uani 1 1 d . . .  
C4 C 0.3126(6) 0.1213(13) 0.1698(7) 0.0233(18) Uani 1 1 d . . .  
C5 C 0.3881(5) 0.2503(13) 0.3851(6) 0.0217(16) Uani 1 1 d . . .  
C6 C 0.3636(6) -0.1348(14) 0.4613(7) 0.0237(17) Uani 1 1 d . . .  
C7 C 0.4471(6) -0.0824(13) 0.3065(7) 0.0218(17) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Cr1 0.0172(6) 0.0220(7) 0.0114(6) -0.0016(5) 0.0032(5) -0.0006(5)  
Sb1 0.0187(4) 0.0323(4) 0.0169(4) 0.0009(2) 0.0042(2) 0.0014(2)  
Br1 0.0236(6) 0.1338(14) 0.0225(5) -0.0126(6) -0.0018(4) -0.0053(6)  
O1 0.040(4) 0.030(4) 0.030(4) -0.007(3) 0.009(3) -0.010(3)  
O2 0.040(4) 0.033(3) 0.018(3) 0.005(3) 0.008(3) 0.003(3)  
O3 0.032(4) 0.033(4) 0.032(4) -0.011(3) 0.003(3) -0.007(3)  
O4 0.047(4) 0.038(4) 0.021(3) 0.007(3) 0.012(3) 0.010(3)  
O5 0.025(3) 0.042(4) 0.039(4) -0.009(3) 0.013(3) 0.004(3)  
C1 0.038(5) 0.039(5) 0.029(5) 0.001(4) 0.016(4) -0.004(4)  
C2 0.043(6) 0.044(6) 0.066(8) 0.028(5) 0.034(6) 0.025(5)  
C3 0.029(4) 0.028(4) 0.015(4) 0.000(3) 0.006(3) -0.002(3)  
C4 0.027(5) 0.022(4) 0.021(4) -0.005(3) 0.008(4) -0.005(3)  
C5 0.021(4) 0.027(4) 0.016(4) -0.001(3) 0.003(3) 0.005(3)  
C6 0.026(4) 0.027(4) 0.018(4) -0.003(3) 0.006(3) -0.004(3)  




 All esds (except the esd in the dihedral angle between two l.s. planes)     
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 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Cr1 C7 1.864(9) . ?  
Cr1 C3 1.882(9) . ?  
Cr1 C4 1.899(9) . ?  
Cr1 C6 1.905(9) . ?  
Cr1 C5 1.907(9) . ?  
Cr1 Sb1 2.5736(15) . ?  
Sb1 C1 2.126(9) . ?  
Sb1 C2 2.147(11) . ?  
Sb1 Br1 2.5239(13) . ?  
O1 C3 1.136(11) . ?  
O2 C4 1.143(11) . ?  
O3 C5 1.151(11) . ?  
O4 C6 1.140(11) . ?  
O5 C7 1.156(11) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C7 Cr1 C3 88.6(4) . . ?  
C7 Cr1 C4 90.3(4) . . ?  
C3 Cr1 C4 88.8(4) . . ?  
C7 Cr1 C6 90.4(4) . . ?  
C3 Cr1 C6 89.4(4) . . ?  
C4 Cr1 C6 178.1(4) . . ?  
C7 Cr1 C5 89.7(4) . . ?  
C3 Cr1 C5 177.9(4) . . ?  
C4 Cr1 C5 89.9(3) . . ?  
C6 Cr1 C5 91.9(4) . . ?  
C7 Cr1 Sb1 178.8(3) . . ?  
C3 Cr1 Sb1 90.6(3) . . ?  288 
 
C4 Cr1 Sb1 88.9(3) . . ?  
C6 Cr1 Sb1 90.4(3) . . ?  
C5 Cr1 Sb1 91.1(2) . . ?  
C1 Sb1 C2 98.9(4) . . ?  
C1 Sb1 Br1 96.2(3) . . ?  
C2 Sb1 Br1 96.7(4) . . ?  
C1 Sb1 Cr1 125.2(3) . . ?  
C2 Sb1 Cr1 124.6(3) . . ?  
Br1 Sb1 Cr1 108.42(5) . . ?  
Sb1 C1 H1A 109.5 . . ?  
Sb1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Sb1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
Sb1 C2 H2A 109.5 . . ?  
Sb1 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
Sb1 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  
O1 C3 Cr1 176.0(8) . . ?  
O2 C4 Cr1 178.4(7) . . ?  
O3 C5 Cr1 177.8(8) . . ?  
O4 C6 Cr1 178.8(8) . . ?  
O5 C7 Cr1 178.9(8) . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
Br1 Sb1 Cr1 C3 -43.2(3) . . . . ?  
Br1 Sb1 Cr1 C4  45.6(3) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.985  
_diffrn_reflns_theta_full              26.00  
_diffrn_measured_fraction_theta_full   0.985  
_refine_diff_density_max    4.208  
_refine_diff_density_min   -1.920  
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_audit_creation_method          'SHELXL-97 + hand edit' 
_audit_creation_date            '2011-04-28' 
_audit_author_name              'Benjamin S.L.' 









_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C7 H6 Br O5 Sb W'   
_chemical_formula_sum            'C7 H6 Br O5 Sb W' 
_chemical_formula_structural     '(C2 H6 Br Sb) (C O)5 W'  
_chemical_formula_weight          555.63  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2901   2.4595  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'W'  'W'  -0.8490   6.8722  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            triclinic  
_symmetry_space_group_name_H-M    'P -1' 
_space_group_IT_number             2          




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    6.6070(5)  
_cell_length_b                    17.0844(15)  
_cell_length_c                    24.302(2)  
_cell_angle_alpha                 105.828(4)  
_cell_angle_beta                  96.329(4)  290 
 
_cell_angle_gamma                 97.999(5)  
_cell_volume                      2581.7(4)  
_cell_formula_units_Z             8  
_cell_measurement_temperature     120(2)  
_cell_measurement_reflns_used     45371  
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48  
  
_exptl_crystal_description        lath  
_exptl_crystal_colour             yellow 
_exptl_crystal_size_max           0.40  
_exptl_crystal_size_mid           0.10  
_exptl_crystal_size_min           0.04  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.859  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1984  
_exptl_absorpt_coefficient_mu     14.089  
_exptl_absorpt_correction_type    multi-scan 
_exptl_absorpt_correction_T_min   0.3853 # Expt'l Tmin & Tmax  
_exptl_absorpt_correction_T_max   1.0000 # scaled to Tmax=1.0  
_exptl_absorpt_process_details    




 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source           'Bruker-Nonius FR591 rotating anode'  
_diffrn_radiation_monochromator    '10cm confocal mirrors' 
_diffrn_measurement_device_type  
                        'Bruker-Nonius APEX II CCD camera on \k-goniostat'   
_diffrn_measurement_method         '\f & \w scans' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             42746  
_diffrn_reflns_av_R_equivalents   0.0393  
_diffrn_reflns_av_sigmaI/netI     0.0389  
_diffrn_reflns_limit_h_min        -8  
_diffrn_reflns_limit_h_max        8  
_diffrn_reflns_limit_k_min        -22  
_diffrn_reflns_limit_k_max        22  
_diffrn_reflns_limit_l_min        -31  
_diffrn_reflns_limit_l_max        31  
_diffrn_reflns_theta_min          3.07  
_diffrn_reflns_theta_max          27.55  
_reflns_number_total              11817     
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_reflns_number_gt                 10749  
_reflns_threshold_expression      I>2\s(I)  
 
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'SHELXS-97 (Sheldrick, 1997)'   
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0000P)^2^+11.4200P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          11817  
_refine_ls_number_parameters      541  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0330  
_refine_ls_R_factor_gt            0.0282  
_refine_ls_wR_factor_ref          0.0688  
_refine_ls_wR_factor_gt           0.0653  
_refine_ls_goodness_of_fit_ref    1.131  
_refine_ls_restrained_S_all       1.131  
_refine_ls_shift/su_max           0.004  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  292 
 
 _atom_site_symetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
W1 W 0.14850(3) 0.313840(11) 0.655733(8) 0.01639(5) Uani 1 1 d . . .  
W2 W 0.83045(3) 0.185033(11) 0.842456(8) 0.01688(5) Uani 1 1 d . . .  
W3 W 0.65249(3) 0.823569(12) 0.667404(8) 0.01692(5) Uani 1 1 d . . .  
W4 W 0.32453(3) 0.682812(11) 0.836444(8) 0.01677(5) Uani 1 1 d . . .  
Sb1 Sb 0.03459(5) 0.41026(2) 0.589019(14) 0.02008(7) Uani 1 1 d . . .  
Sb2 Sb 0.91916(5) 0.07669(2) 0.901463(15) 0.02240(7) Uani 1 1 d . . .  
Sb3 Sb 0.54711(5) 0.94221(2) 0.619826(14) 0.02042(7) Uani 1 1 d . . .  
Sb4 Sb 0.43920(5) 0.56928(2) 0.888319(15) 0.02072(7) Uani 1 1 d . . .  
Br1 Br 0.33204(9) 0.46978(4) 0.54833(3) 0.03698(14) Uani 1 1 d . . .  
Br2 Br 1.18784(10) 0.14583(4) 0.98932(3) 0.04542(16) Uani 1 1 d . . .  
Br3 Br 0.25194(10) 0.88318(4) 0.53740(3) 0.04262(15) Uani 1 1 d . . .  
Br4 Br 0.14164(8) 0.50359(4) 0.92625(3) 0.03646(14) Uani 1 1 d . . .  
O1 O 0.6149(5) 0.4068(3) 0.6773(2) 0.0368(10) Uani 1 1 d . . .  
O2 O 0.2490(7) 0.1768(3) 0.54922(18) 0.0442(11) Uani 1 1 d . . .  
O3 O -0.3118(6) 0.2139(3) 0.62988(19) 0.0363(10) Uani 1 1 d . . .  
O4 O 0.0495(6) 0.4461(2) 0.76490(17) 0.0325(9) Uani 1 1 d . . .  
O5 O 0.2738(6) 0.2109(2) 0.73898(17) 0.0329(9) Uani 1 1 d . . .  
O6 O 0.7338(7) 0.3096(3) 0.95598(19) 0.0531(13) Uani 1 1 d . . .  
O7 O 1.2989(6) 0.2807(2) 0.87678(18) 0.0333(9) Uani 1 1 d . . .  
O8 O 0.9195(6) 0.0656(2) 0.72590(18) 0.0346(9) Uani 1 1 d . . .  
O9 O 0.3611(5) 0.0935(2) 0.81467(18) 0.0306(9) Uani 1 1 d . . .  
O10 O 0.7192(6) 0.3042(2) 0.76940(17) 0.0315(9) Uani 1 1 d . . .  
O11 O 1.1230(5) 0.9126(2) 0.69607(18) 0.0308(9) Uani 1 1 d . . .  
O12 O 0.7481(7) 0.7272(3) 0.54375(19) 0.0484(12) Uani 1 1 d . . .  
O13 O 0.1886(6) 0.7248(2) 0.63920(18) 0.0334(9) Uani 1 1 d . . .  
O14 O 0.5862(6) 0.9323(2) 0.79066(16) 0.0316(9) Uani 1 1 d . . .  
O15 O 0.7872(6) 0.6838(2) 0.71759(18) 0.0314(9) Uani 1 1 d . . .  
O16 O 0.7832(6) 0.7814(2) 0.85581(18) 0.0339(9) Uani 1 1 d . . .  
O17 O 0.3859(6) 0.5655(3) 0.71514(18) 0.0370(10) Uani 1 1 d . . .  
O18 O -0.1467(6) 0.5963(2) 0.8179(2) 0.0355(10) Uani 1 1 d . . .  
O19 O 0.2632(8) 0.7977(3) 0.9578(2) 0.0557(13) Uani 1 1 d . . .  
O20 O 0.1792(6) 0.8127(2) 0.77796(18) 0.0334(9) Uani 1 1 d . . .  
C1 C -0.1785(8) 0.3548(4) 0.5113(2) 0.0336(13) Uani 1 1 d . . .  
H1A H -0.1465 0.3008 0.4917 0.050 Uiso 1 1 calc R . .  
H1B H -0.1680 0.3904 0.4859 0.050 Uiso 1 1 calc R . .  
H1C H -0.3194 0.3477 0.5205 0.050 Uiso 1 1 calc R . .  
C2 C -0.0735(8) 0.5230(3) 0.6207(3) 0.0316(12) Uani 1 1 d . . .  
H2A H 0.0130 0.5558 0.6574 0.047 Uiso 1 1 calc R . .  
H2B H -0.2171 0.5111 0.6271 0.047 Uiso 1 1 calc R . .  
H2C H -0.0664 0.5542 0.5924 0.047 Uiso 1 1 calc R . .  
C3 C 0.4481(7) 0.3744(3) 0.6694(2) 0.0238(10) Uani 1 1 d . . .  
C4 C 0.2125(8) 0.2267(3) 0.5861(2) 0.0262(11) Uani 1 1 d . . .  
C5 C -0.1488(7) 0.2506(3) 0.6396(2) 0.0217(10) Uani 1 1 d . . .  
C6 C 0.0833(7) 0.3999(3) 0.7261(2) 0.0237(10) Uani 1 1 d . . .  
C7 C 0.2283(7) 0.2474(3) 0.7083(2) 0.0229(10) Uani 1 1 d . . .  
C8 C 0.6851(8) 0.0226(4) 0.9403(2) 0.0325(12) Uani 1 1 d . . .  
H8A H 0.6017 0.0638 0.9566 0.049 Uiso 1 1 calc R . .  
H8B H 0.7498 0.0033 0.9713 0.049 Uiso 1 1 calc R . .  
H8C H 0.5961 -0.0243 0.9110 0.049 Uiso 1 1 calc R . .     
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C9 C 1.0636(8) -0.0268(3) 0.8711(3) 0.0324(12) Uani 1 1 d . . .  
H9A H 1.1787 -0.0113 0.8518 0.049 Uiso 1 1 calc R . .  
H9B H 0.9627 -0.0718 0.8437 0.049 Uiso 1 1 calc R . .  
H9C H 1.1161 -0.0452 0.9039 0.049 Uiso 1 1 calc R . .  
C10 C 0.7681(8) 0.2649(3) 0.9163(2) 0.0273(11) Uani 1 1 d . . .  
C11 C 1.1321(8) 0.2454(3) 0.8633(2) 0.0228(10) Uani 1 1 d . . .  
C12 C 0.8923(7) 0.1077(3) 0.7683(2) 0.0234(10) Uani 1 1 d . . .  
C13 C 0.5300(7) 0.1265(3) 0.8247(2) 0.0213(10) Uani 1 1 d . . .  
C14 C 0.7590(7) 0.2616(3) 0.7972(2) 0.0208(10) Uani 1 1 d . . .  
C15 C 0.4259(8) 1.0490(3) 0.6595(2) 0.0289(11) Uani 1 1 d . . .  
H15A H 0.3217 1.0344 0.6825 0.043 Uiso 1 1 calc R . .  
H15B H 0.3621 1.0702 0.6295 0.043 Uiso 1 1 calc R . .  
H15C H 0.5381 1.0914 0.6848 0.043 Uiso 1 1 calc R . .  
C16 C 0.7614(9) 0.9958(4) 0.5754(2) 0.0344(13) Uani 1 1 d . . .  
H16A H 0.8327 0.9532 0.5541 0.052 Uiso 1 1 calc R . .  
H16B H 0.8630 1.0398 0.6034 0.052 Uiso 1 1 calc R . .  
H16C H 0.6873 1.0189 0.5481 0.052 Uiso 1 1 calc R . .  
C17 C 0.9544(8) 0.8813(3) 0.6855(2) 0.0225(10) Uani 1 1 d . . .  
C18 C 0.7117(8) 0.7606(3) 0.5870(2) 0.0278(11) Uani 1 1 d . . .  
C19 C 0.3522(7) 0.7612(3) 0.6492(2) 0.0240(10) Uani 1 1 d . . .  
C20 C 0.6057(7) 0.8925(3) 0.7464(2) 0.0215(10) Uani 1 1 d . . .  
C21 C 0.7383(7) 0.7351(3) 0.6997(2) 0.0231(10) Uani 1 1 d . . .  
C22 C 0.5341(8) 0.4574(3) 0.8459(3) 0.0308(12) Uani 1 1 d . . .  
H22A H 0.4448 0.4315 0.8085 0.046 Uiso 1 1 calc R . .  
H22B H 0.5235 0.4198 0.8699 0.046 Uiso 1 1 calc R . .  
H22C H 0.6778 0.4693 0.8397 0.046 Uiso 1 1 calc R . .  
C23 C 0.6573(9) 0.6094(4) 0.9654(3) 0.0366(13) Uani 1 1 d . . .  
H23A H 0.6316 0.6619 0.9899 0.055 Uiso 1 1 calc R . .  
H23B H 0.7974 0.6172 0.9557 0.055 Uiso 1 1 calc R . .  
H23C H 0.6439 0.5678 0.9862 0.055 Uiso 1 1 calc R . .  
C24 C 0.6225(7) 0.7445(3) 0.8493(2) 0.0212(10) Uani 1 1 d . . .  
C25 C 0.3659(8) 0.6074(3) 0.7585(2) 0.0236(10) Uani 1 1 d . . .  
C26 C 0.0221(7) 0.6256(3) 0.8239(2) 0.0236(10) Uani 1 1 d . . .  
C27 C 0.2851(8) 0.7561(4) 0.9150(2) 0.0298(12) Uani 1 1 d . . .  
C28 C 0.2326(7) 0.7646(3) 0.7991(2) 0.0229(10) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
W1 0.01623(9) 0.01575(10) 0.01759(10) 0.00558(8) 0.00282(7) 0.00258(7)  
W2 0.01686(9) 0.01561(10) 0.01827(10) 0.00481(8) 0.00256(7) 0.00364(7)  
W3 0.01760(9) 0.01615(10) 0.01719(10) 0.00535(8) 0.00250(7) 0.00278(7)  
W4 0.01646(9) 0.01586(10) 0.01854(10) 0.00555(8) 0.00311(7) 0.00337(7)  
Sb1 0.02040(15) 0.01848(16) 0.02310(17) 0.00890(13) 0.00277(12) 0.00408(12)  
Sb2 0.02288(16) 0.02003(16) 0.02527(17) 0.00944(14) 0.00019(13) 0.00421(12)  
Sb3 0.02402(16) 0.01829(16) 0.01978(16) 0.00759(13) 0.00209(12) 0.00351(12)  
Sb4 0.02044(15) 0.01994(16) 0.02406(17) 0.00926(14) 0.00294(12) 0.00593(12)  
Br1 0.0333(3) 0.0442(3) 0.0456(4) 0.0271(3) 0.0174(2) 0.0104(2)  
Br2 0.0504(4) 0.0345(3) 0.0413(4) 0.0068(3) -0.0201(3) 0.0042(3)  294 
 
Br3 0.0508(4) 0.0339(3) 0.0361(3) 0.0127(3) -0.0173(3) -0.0021(3)  
Br4 0.0311(3) 0.0450(3) 0.0445(3) 0.0268(3) 0.0135(2) 0.0102(2)  
O1 0.0197(18) 0.037(2) 0.057(3) 0.021(2) 0.0062(17) 0.0011(16)  
O2 0.048(3) 0.047(3) 0.030(2) -0.006(2) 0.0038(19) 0.019(2)  
O3 0.026(2) 0.031(2) 0.048(3) 0.010(2) 0.0054(17) -0.0039(16)  
O4 0.033(2) 0.028(2) 0.030(2) -0.0043(17) 0.0106(17) 0.0035(16)  
O5 0.036(2) 0.035(2) 0.033(2) 0.0203(19) 0.0018(17) 0.0047(17)  
O6 0.052(3) 0.064(3) 0.028(2) -0.014(2) 0.003(2) 0.020(2)  
O7 0.0260(19) 0.026(2) 0.042(2) 0.0046(18) 0.0013(17) -0.0010(15)  
O8 0.033(2) 0.028(2) 0.036(2) -0.0054(18) 0.0094(17) 0.0052(16)  
O9 0.0227(18) 0.030(2) 0.041(2) 0.0147(18) 0.0054(16) 0.0010(15)  
O10 0.035(2) 0.034(2) 0.033(2) 0.0194(19) 0.0066(16) 0.0075(17)  
O11 0.0232(18) 0.029(2) 0.043(2) 0.0180(19) 0.0053(16) -0.0007(15)  
O12 0.058(3) 0.052(3) 0.031(2) -0.001(2) 0.015(2) 0.017(2)  
O13 0.029(2) 0.024(2) 0.039(2) -0.0002(18) 0.0053(17) -0.0053(15)  
O14 0.035(2) 0.030(2) 0.025(2) -0.0004(17) 0.0096(16) 0.0023(16)  
O15 0.034(2) 0.024(2) 0.041(2) 0.0179(18) 0.0025(17) 0.0025(15)  
O16 0.0264(19) 0.031(2) 0.040(2) 0.0062(19) 0.0048(17) -0.0015(16)  
O17 0.039(2) 0.030(2) 0.034(2) -0.0005(19) 0.0105(18) -0.0032(17)  
O18 0.0238(19) 0.029(2) 0.060(3) 0.022(2) 0.0110(18) 0.0050(16)  
O19 0.063(3) 0.060(3) 0.036(3) -0.007(2) 0.015(2) 0.019(3)  
O20 0.034(2) 0.030(2) 0.041(2) 0.0197(19) 0.0033(17) 0.0065(16)  
C1 0.035(3) 0.030(3) 0.030(3) 0.005(2) -0.010(2) 0.003(2)  
C2 0.034(3) 0.020(3) 0.045(3) 0.013(3) 0.008(2) 0.008(2)  
C3 0.021(2) 0.023(3) 0.030(3) 0.009(2) 0.006(2) 0.0077(19)  
C4 0.028(3) 0.024(3) 0.025(3) 0.003(2) 0.003(2) 0.007(2)  
C5 0.025(2) 0.015(2) 0.027(3) 0.007(2) 0.005(2) 0.0048(19)  
C6 0.020(2) 0.023(3) 0.028(3) 0.008(2) 0.003(2) 0.0024(19)  
C7 0.023(2) 0.021(3) 0.025(3) 0.007(2) 0.0042(19) 0.0036(19)  
C8 0.035(3) 0.037(3) 0.030(3) 0.012(3) 0.010(2) 0.008(2)  
C9 0.025(3) 0.023(3) 0.049(4) 0.010(3) 0.006(2) 0.007(2)  
C10 0.029(3) 0.027(3) 0.023(3) 0.001(2) 0.004(2) 0.008(2)  
C11 0.026(2) 0.022(3) 0.020(2) 0.004(2) 0.0037(19) 0.006(2)  
C12 0.018(2) 0.018(2) 0.031(3) 0.003(2) 0.0023(19) 0.0015(18)  
C13 0.021(2) 0.021(2) 0.026(3) 0.011(2) 0.0053(19) 0.0074(19)  
C14 0.019(2) 0.020(2) 0.025(3) 0.007(2) 0.0065(19) 0.0036(18)  
C15 0.033(3) 0.021(3) 0.036(3) 0.010(2) 0.010(2) 0.007(2)  
C16 0.047(3) 0.032(3) 0.029(3) 0.013(3) 0.017(3) 0.004(2)  
C17 0.027(3) 0.023(3) 0.022(2) 0.009(2) 0.009(2) 0.008(2)  
C18 0.026(3) 0.033(3) 0.024(3) 0.005(2) 0.003(2) 0.009(2)  
C19 0.023(2) 0.024(3) 0.023(3) 0.005(2) 0.0020(19) 0.004(2)  
C20 0.021(2) 0.023(3) 0.019(2) 0.004(2) 0.0007(18) 0.0015(18)  
C21 0.024(2) 0.018(2) 0.028(3) 0.008(2) 0.005(2) 0.0006(19)  
C22 0.029(3) 0.016(2) 0.048(4) 0.007(2) 0.011(2) 0.006(2)  
C23 0.038(3) 0.043(4) 0.030(3) 0.013(3) -0.003(2) 0.014(3)  
C24 0.021(2) 0.020(2) 0.021(2) 0.002(2) 0.0013(18) 0.0057(19)  
C25 0.027(2) 0.022(3) 0.017(2) 0.001(2) 0.0019(19) -0.0006(19)  
C26 0.022(2) 0.021(3) 0.030(3) 0.009(2) 0.008(2) 0.0053(19)  
C27 0.029(3) 0.034(3) 0.024(3) 0.003(2) 0.005(2) 0.008(2)  




 All esds (except the esd in the dihedral angle between two l.s. planes)     
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 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
W1 C7 2.002(5) . ?  
W1 C5 2.046(5) . ?  
W1 C3 2.049(5) . ?  
W1 C4 2.054(5) . ?  
W1 C6 2.059(5) . ?  
W1 Sb1 2.7280(4) . ?  
W2 C14 1.997(5) . ?  
W2 C13 2.037(5) . ?  
W2 C12 2.043(5) . ?  
W2 C11 2.052(5) . ?  
W2 C10 2.059(5) . ?  
W2 Sb2 2.7186(4) . ?  
W3 C21 2.002(5) . ?  
W3 C17 2.041(5) . ?  
W3 C20 2.042(5) . ?  
W3 C19 2.056(5) . ?  
W3 C18 2.065(5) . ?  
W3 Sb3 2.7247(4) . ?  
W4 C28 1.988(5) . ?  
W4 C27 2.044(5) . ?  
W4 C24 2.047(5) . ?  
W4 C26 2.049(5) . ?  
W4 C25 2.051(5) . ?  
W4 Sb4 2.7309(4) . ?  
Sb1 C2 2.124(5) . ?  
Sb1 C1 2.124(5) . ?  
Sb1 Br1 2.5089(6) . ?  
Sb2 C9 2.120(5) . ?  
Sb2 C8 2.131(5) . ?  
Sb2 Br2 2.5121(7) . ?  
Sb3 C15 2.124(5) . ?  
Sb3 C16 2.127(5) . ?  
Sb3 Br3 2.5144(7) . ?  
Sb4 C23 2.117(6) . ?  
Sb4 C22 2.124(5) . ?  
Sb4 Br4 2.5148(6) . ?  
O1 C3 1.133(6) . ?  
O2 C4 1.129(6) . ?  
O3 C5 1.133(6) . ?  
O4 C6 1.119(6) . ?  
O5 C7 1.136(6) . ?  296 
 
O6 C10 1.122(7) . ?  
O7 C11 1.147(6) . ?  
O8 C12 1.133(6) . ?  
O9 C13 1.145(6) . ?  
O10 C14 1.156(6) . ?  
O11 C17 1.135(6) . ?  
O12 C18 1.121(7) . ?  
O13 C19 1.135(6) . ?  
O14 C20 1.136(6) . ?  
O15 C21 1.148(6) . ?  
O16 C24 1.128(6) . ?  
O17 C25 1.133(6) . ?  
O18 C26 1.133(6) . ?  
O19 C27 1.125(7) . ?  
O20 C28 1.155(6) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
C8 H8A 0.9800 . ?  
C8 H8B 0.9800 . ?  
C8 H8C 0.9800 . ?  
C9 H9A 0.9800 . ?  
C9 H9B 0.9800 . ?  
C9 H9C 0.9800 . ?  
C15 H15A 0.9800 . ?  
C15 H15B 0.9800 . ?  
C15 H15C 0.9800 . ?  
C16 H16A 0.9800 . ?  
C16 H16B 0.9800 . ?  
C16 H16C 0.9800 . ?  
C22 H22A 0.9800 . ?  
C22 H22B 0.9800 . ?  
C22 H22C 0.9800 . ?  
C23 H23A 0.9800 . ?  
C23 H23B 0.9800 . ?  
C23 H23C 0.9800 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C7 W1 C5 89.8(2) . . ?  
C7 W1 C3 90.4(2) . . ?  
C5 W1 C3 178.1(2) . . ?  
C7 W1 C4 90.6(2) . . ?  
C5 W1 C4 88.7(2) . . ?  
C3 W1 C4 89.3(2) . . ?     
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C7 W1 C6 88.7(2) . . ?  
C5 W1 C6 90.86(19) . . ?  
C3 W1 C6 91.1(2) . . ?  
C4 W1 C6 179.2(2) . . ?  
C7 W1 Sb1 176.95(14) . . ?  
C5 W1 Sb1 90.14(14) . . ?  
C3 W1 Sb1 89.80(14) . . ?  
C4 W1 Sb1 92.47(15) . . ?  
C6 W1 Sb1 88.23(14) . . ?  
C14 W2 C13 90.13(19) . . ?  
C14 W2 C12 88.6(2) . . ?  
C13 W2 C12 90.6(2) . . ?  
C14 W2 C11 90.7(2) . . ?  
C13 W2 C11 178.0(2) . . ?  
C12 W2 C11 91.24(19) . . ?  
C14 W2 C10 90.3(2) . . ?  
C13 W2 C10 89.7(2) . . ?  
C12 W2 C10 178.8(2) . . ?  
C11 W2 C10 88.5(2) . . ?  
C14 W2 Sb2 178.13(14) . . ?  
C13 W2 Sb2 88.42(13) . . ?  
C12 W2 Sb2 90.26(15) . . ?  
C11 W2 Sb2 90.82(14) . . ?  
C10 W2 Sb2 90.90(16) . . ?  
C21 W3 C17 88.6(2) . . ?  
C21 W3 C20 92.2(2) . . ?  
C17 W3 C20 89.48(19) . . ?  
C21 W3 C19 89.3(2) . . ?  
C17 W3 C19 177.78(19) . . ?  
C20 W3 C19 91.4(2) . . ?  
C21 W3 C18 90.1(2) . . ?  
C17 W3 C18 87.7(2) . . ?  
C20 W3 C18 176.3(2) . . ?  
C19 W3 C18 91.5(2) . . ?  
C21 W3 Sb3 177.41(14) . . ?  
C17 W3 Sb3 90.09(14) . . ?  
C20 W3 Sb3 90.02(14) . . ?  
C19 W3 Sb3 91.93(14) . . ?  
C18 W3 Sb3 87.64(15) . . ?  
C28 W4 C27 89.8(2) . . ?  
C28 W4 C24 89.2(2) . . ?  
C27 W4 C24 89.5(2) . . ?  
C28 W4 C26 88.8(2) . . ?  
C27 W4 C26 89.3(2) . . ?  
C24 W4 C26 177.61(19) . . ?  
C28 W4 C25 91.5(2) . . ?  
C27 W4 C25 178.8(2) . . ?  
C24 W4 C25 90.59(19) . . ?  
C26 W4 C25 90.7(2) . . ?  
C28 W4 Sb4 178.32(14) . . ?  
C27 W4 Sb4 89.66(16) . . ?  
C24 W4 Sb4 92.42(14) . . ?  
C26 W4 Sb4 89.62(14) . . ?  
C25 W4 Sb4 89.09(15) . . ?  298 
 
C2 Sb1 C1 100.6(2) . . ?  
C2 Sb1 Br1 96.17(15) . . ?  
C1 Sb1 Br1 99.51(17) . . ?  
C2 Sb1 W1 124.34(16) . . ?  
C1 Sb1 W1 118.96(16) . . ?  
Br1 Sb1 W1 112.488(18) . . ?  
C9 Sb2 C8 99.6(2) . . ?  
C9 Sb2 Br2 95.41(16) . . ?  
C8 Sb2 Br2 99.95(16) . . ?  
C9 Sb2 W2 125.93(17) . . ?  
C8 Sb2 W2 119.57(15) . . ?  
Br2 Sb2 W2 111.24(2) . . ?  
C15 Sb3 C16 99.1(2) . . ?  
C15 Sb3 Br3 95.74(16) . . ?  
C16 Sb3 Br3 98.49(17) . . ?  
C15 Sb3 W3 127.91(15) . . ?  
C16 Sb3 W3 118.78(16) . . ?  
Br3 Sb3 W3 111.124(19) . . ?  
C23 Sb4 C22 100.4(2) . . ?  
C23 Sb4 Br4 98.68(17) . . ?  
C22 Sb4 Br4 96.30(15) . . ?  
C23 Sb4 W4 119.38(17) . . ?  
C22 Sb4 W4 125.44(17) . . ?  
Br4 Sb4 W4 111.411(18) . . ?  
Sb1 C1 H1A 109.5 . . ?  
Sb1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Sb1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
Sb1 C2 H2A 109.5 . . ?  
Sb1 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
Sb1 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  
O1 C3 W1 178.8(5) . . ?  
O2 C4 W1 177.2(5) . . ?  
O3 C5 W1 178.3(5) . . ?  
O4 C6 W1 178.9(5) . . ?  
O5 C7 W1 178.8(5) . . ?  
Sb2 C8 H8A 109.5 . . ?  
Sb2 C8 H8B 109.5 . . ?  
H8A C8 H8B 109.5 . . ?  
Sb2 C8 H8C 109.5 . . ?  
H8A C8 H8C 109.5 . . ?  
H8B C8 H8C 109.5 . . ?  
Sb2 C9 H9A 109.5 . . ?  
Sb2 C9 H9B 109.5 . . ?  
H9A C9 H9B 109.5 . . ?  
Sb2 C9 H9C 109.5 . . ?  
H9A C9 H9C 109.5 . . ?  
H9B C9 H9C 109.5 . . ?  
O6 C10 W2 178.5(5) . . ?     
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O7 C11 W2 177.6(5) . . ?  
O8 C12 W2 177.0(5) . . ?  
O9 C13 W2 179.9(7) . . ?  
O10 C14 W2 177.8(4) . . ?  
Sb3 C15 H15A 109.5 . . ?  
Sb3 C15 H15B 109.5 . . ?  
H15A C15 H15B 109.5 . . ?  
Sb3 C15 H15C 109.5 . . ?  
H15A C15 H15C 109.5 . . ?  
H15B C15 H15C 109.5 . . ?  
Sb3 C16 H16A 109.5 . . ?  
Sb3 C16 H16B 109.5 . . ?  
H16A C16 H16B 109.5 . . ?  
Sb3 C16 H16C 109.5 . . ?  
H16A C16 H16C 109.5 . . ?  
H16B C16 H16C 109.5 . . ?  
O11 C17 W3 178.9(5) . . ?  
O12 C18 W3 178.6(5) . . ?  
O13 C19 W3 178.1(5) . . ?  
O14 C20 W3 177.7(4) . . ?  
O15 C21 W3 179.3(5) . . ?  
Sb4 C22 H22A 109.5 . . ?  
Sb4 C22 H22B 109.5 . . ?  
H22A C22 H22B 109.5 . . ?  
Sb4 C22 H22C 109.5 . . ?  
H22A C22 H22C 109.5 . . ?  
H22B C22 H22C 109.5 . . ?  
Sb4 C23 H23A 109.5 . . ?  
Sb4 C23 H23B 109.5 . . ?  
H23A C23 H23B 109.5 . . ?  
Sb4 C23 H23C 109.5 . . ?  
H23A C23 H23C 109.5 . . ?  
H23B C23 H23C 109.5 . . ?  
O16 C24 W4 176.9(5) . . ?  
O17 C25 W4 179.0(5) . . ?  
O18 C26 W4 177.8(5) . . ?  
O19 C27 W4 178.6(6) . . ?  
O20 C28 W4 179.2(5) . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
Br1 Sb1 W1 C3   22.92(15) . . . . ?  
Br1 Sb1 W1 C4  -66.41(15) . . . . ?  
Br2 Sb2 W2 C10 -53.79(15) . . . . ?  
Br2 Sb2 W2 C11  34.71(14) . . . . ?  300 
 
Br3 Sb3 W3 C18  59.43(15) . . . . ?  
Br3 Sb3 W3 C19 -32.00(14) . . . . ?  
Br4 Sb4 W4 C26 -22.27(15) . . . . ?  
Br4 Sb4 W4 C27  67.04(16) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.990  
_diffrn_reflns_theta_full              27.55  
_diffrn_measured_fraction_theta_full   0.990  
_refine_diff_density_max    0.982  
_refine_diff_density_min   -1.352  








_audit_creation_method          'SHELXL-97  hand edit' 




pentacarbonyl molybdenum dimethylbromostibine 
; 
_chemical_name_common             ? 
_chemical_melting_point           ? 
_chemical_formula_moiety          ? 
_chemical_formula_sum 
 'C7 H6 Br Mo O5 Sb' 








 'C'  'C'   0.0033   0.0016 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'H'  'H'   0.0000   0.0000 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'O'  'O'   0.0106   0.0060 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'Br'  'Br'  -0.2901   2.4595 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'Mo'  'Mo'  -1.6832   0.6857 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'Sb'  'Sb'  -0.5866   1.5461 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
  
_symmetry_cell_setting             Monoclinic  
_symmetry_space_group_name_H-M    'C 2/c' 
_space_group_IT_number             15             
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 'x, y, z' 
 '-x, y, -z+1/2' 
 'x+1/2, y+1/2, z' 
 '-x+1/2, y+1/2, -z+1/2' 
 '-x, -y, -z' 
 'x, -y, z-1/2' 
 '-x+1/2, -y+1/2, -z' 
 'x+1/2, -y+1/2, z-1/2' 
  
_cell_length_a                    31.728(12) 
_cell_length_b                    6.613(2) 
_cell_length_c                    12.559(5) 
_cell_angle_alpha                 90.00 
_cell_angle_beta                  93.441(11) 
_cell_angle_gamma                 90.00 
_cell_volume                      2630.3(17) 
_cell_formula_units_Z             8 
_cell_measurement_temperature     100(2) 
_cell_measurement_reflns_used     5249 
_cell_measurement_theta_min       3.1 
_cell_measurement_theta_max       27.5 
  
_exptl_crystal_description        'prism' 
_exptl_crystal_colour             'yellow' 
_exptl_crystal_size_max           0.07 
_exptl_crystal_size_mid           0.04 
_exptl_crystal_size_min           0.01 
_exptl_crystal_density_meas       ? 
_exptl_crystal_density_diffrn     2.362 
_exptl_crystal_density_method     'not measured' 
_exptl_crystal_F_000              1728 
_exptl_absorpt_coefficient_mu     6.042 
_exptl_absorpt_correction_type    'Multi-scan' 
_exptl_absorpt_correction_T_max   1.000 
_exptl_absorpt_correction_T_min   0.731 







_diffrn_ambient_temperature       100(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_monochromator   'Confocal' 
_diffrn_radiation_collimation    'Confocal mirrors, VHF VariMax ' 
 
_diffrn_source                    'Rotating anode X-ray tube' 
_diffrn_source_type               'Rigaku FR-E+ Superbright' 302 
 
 
_diffrn_measurement_device        'Four-circle \k diffractometer'  
_diffrn_measurement_device_type   'Rigaku AFC12 ' 
_diffrn_measurement_method        'Profile data from \w-scans'  
 
_diffrn_detector                  'CCD plate' 
_diffrn_detector_type             'Rigaku HG Saturn724+ (2x2 bin mode)' 
_diffrn_detector_area_resol_mean   28.5714 
 
_diffrn_standards_number          ? 
_diffrn_standards_interval_count  ? 
_diffrn_standards_interval_time   ? 
_diffrn_standards_decay_%         ? 
_diffrn_reflns_number             11253 
_diffrn_reflns_av_R_equivalents   0.0800 
_diffrn_reflns_av_sigmaI/netI     0.0759 
_diffrn_reflns_limit_h_min        -40 
_diffrn_reflns_limit_h_max        40 
_diffrn_reflns_limit_k_min        -8 
_diffrn_reflns_limit_k_max        8 
_diffrn_reflns_limit_l_min        -13 
_diffrn_reflns_limit_l_max        16 
_diffrn_reflns_theta_min          3.15 
_diffrn_reflns_theta_max          27.48 
_reflns_number_total              3018 
_reflns_number_gt                 2672 
_reflns_threshold_expression      I>2\s(I) 
  
_computing_data_collection 
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_cell_refinement  
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_data_reduction    
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_structure_solution  
   'SHELXS-97 (Sheldrick, 1997)'  
_computing_structure_refinement   
   'SHELXL-97 (Sheldrick, 2008)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and 
 goodness of fit S are based on F^2^, conventional R-factors R are based 
 on F, with F set to zero for negative F^2^. The threshold expression of 
 F^2^ > 2\s(F^2^) is used only for calculating R-factors(gt) etc. and is 
 not relevant to the choice of reflections for refinement.  R-factors based 
 on F^2^ are statistically about twice as large as those based on F, and R- 
 factors based on ALL data will be even larger. 
; 
  
_refine_ls_structure_factor_coef  Fsqd 
_refine_ls_matrix_type            full    
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_refine_ls_weighting_scheme       calc 
_refine_ls_weighting_details 
 'calc w=1/[\s^2^(Fo^2^)+(0.0000P)^2^+330.4311P] where P=(Fo^2^+2Fc^2^)/3' 
_atom_sites_solution_primary      direct 
_atom_sites_solution_secondary    difmap 
_atom_sites_solution_hydrogens    geom 
_refine_ls_hydrogen_treatment     constr 
_refine_ls_extinction_method      none 
_refine_ls_extinction_coef        ? 
_refine_ls_number_reflns          3018 
_refine_ls_number_parameters      136 
_refine_ls_number_restraints      0 
_refine_ls_R_factor_all           0.1017 
_refine_ls_R_factor_gt            0.0947 
_refine_ls_wR_factor_ref          0.2335 
_refine_ls_wR_factor_gt           0.2298 
_refine_ls_goodness_of_fit_ref    1.299 
_refine_ls_restrained_S_all       1.299 
_refine_ls_shift/su_max           0.060 
















Mo1 Mo 0.33022(4) 0.23967(19) 0.39691(9) 0.0137(3) Uani 1 1 d . . . 
Sb1 Sb 0.40782(3) 0.3523(2) 0.48079(9) 0.0293(4) Uani 1 1 d . . . 
Br1 Br 0.46166(7) 0.2603(8) 0.34878(19) 0.0960(16) Uani 1 1 d . . . 
O2 O 0.2895(4) 0.660(2) 0.4636(10) 0.031(3) Uani 1 1 d . . . 
O3 O 0.2411(4) 0.103(2) 0.2961(10) 0.037(3) Uani 1 1 d . . . 
O1 O 0.3530(4) 0.432(2) 0.1753(9) 0.038(3) Uani 1 1 d . . . 
O5 O 0.3657(4) -0.174(2) 0.3121(10) 0.037(3) Uani 1 1 d . . . 
C3 C 0.3041(5) 0.512(3) 0.4420(12) 0.021(3) Uani 1 1 d . . . 
C6 C 0.3163(5) 0.111(3) 0.5378(12) 0.020(3) Uani 1 1 d . . . 
C5 C 0.2731(5) 0.152(3) 0.3318(13) 0.024(3) Uani 1 1 d . . . 
C4 C 0.3443(4) 0.367(2) 0.2560(11) 0.016(3) Uani 1 1 d . . . 
C7 C 0.3538(5) -0.031(3) 0.3451(12) 0.022(3) Uani 1 1 d . . . 
O4 O 0.3079(4) 0.027(2) 0.6157(9) 0.031(3) Uani 1 1 d . . . 
C1 C 0.4408(6) 0.221(3) 0.6143(14) 0.031(4) Uani 1 1 d . . . 
H1A H 0.4353 0.0752 0.6152 0.047 Uiso 1 1 calc R . . 
H1B H 0.4313 0.2823 0.6798 0.047 Uiso 1 1 calc R . . 
H1C H 0.4712 0.2445 0.6101 0.047 Uiso 1 1 calc R . . 
C2 C 0.4275(8) 0.658(5) 0.505(2) 0.076(10) Uani 1 1 d . . . 
H2A H 0.4146 0.7432 0.4485 0.114 Uiso 1 1 calc R . . 304 
 
H2B H 0.4583 0.6660 0.5046 0.114 Uiso 1 1 calc R . . 










Mo1 0.0144(6) 0.0162(6) 0.0105(5) -0.0009(4) 0.0010(4) 0.0002(5) 
Sb1 0.0145(5) 0.0575(9) 0.0158(5) 0.0006(5) -0.0003(4) -0.0044(5) 
Br1 0.0196(10) 0.236(5) 0.0334(12) -0.0307(19) 0.0103(9) -0.0048(17) 
O2 0.031(7) 0.027(7) 0.036(7) -0.008(5) 0.009(5) 0.002(5) 
O3 0.024(6) 0.049(9) 0.036(7) -0.014(7) -0.005(5) -0.009(6) 
O1 0.034(7) 0.068(11) 0.014(5) 0.013(6) 0.004(5) 0.002(7) 
O5 0.043(8) 0.036(8) 0.034(7) -0.003(6) 0.003(6) 0.013(7) 
C3 0.021(7) 0.026(9) 0.017(7) -0.009(6) 0.006(6) -0.004(7) 
C6 0.023(7) 0.017(7) 0.020(7) -0.002(6) 0.002(6) 0.002(6) 
C5 0.026(8) 0.024(9) 0.023(8) -0.010(7) 0.005(6) 0.000(7) 
C4 0.015(7) 0.013(8) 0.020(7) -0.002(5) -0.002(5) 0.003(5) 
C7 0.031(8) 0.018(8) 0.016(7) 0.001(6) 0.004(6) 0.005(7) 
O4 0.043(7) 0.033(7) 0.018(5) 0.002(5) 0.005(5) -0.001(6) 
C1 0.041(10) 0.023(9) 0.029(9) 0.002(7) -0.008(8) -0.004(8) 




 All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) 
 are estimated using the full covariance matrix.  The cell s.u.'s are taken 
 into account individually in the estimation of s.u.'s in distances, angles 
 and torsion angles; correlations between s.u.'s in cell parameters are only 
 used when they are defined by crystal symmetry.  An approximate (isotropic) 









Mo1 C5 2.029(17) . ? 
Mo1 C4 2.035(15) . ? 
Mo1 C6 2.036(15) . ? 
Mo1 C7 2.060(16) . ? 
Mo1 C3 2.076(17) . ? 
Mo1 Sb1 2.7231(18) . ? 
Sb1 C1 2.110(17) . ? 
Sb1 C2 2.13(3) . ? 
Sb1 Br1 2.525(3) . ? 
O2 C3 1.12(2) . ? 
O3 C5 1.13(2) . ?    
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O1 C4 1.148(19) . ? 
O5 C7 1.11(2) . ? 
C6 O4 1.169(19) . ? 
C1 H1A 0.9800 . ? 
C1 H1B 0.9800 . ? 
C1 H1C 0.9800 . ? 
C2 H2A 0.9800 . ? 
C2 H2B 0.9800 . ? 










C5 Mo1 C4 90.4(6) . . ? 
C5 Mo1 C6 89.7(7) . . ? 
C4 Mo1 C6 179.7(7) . . ? 
C5 Mo1 C7 87.5(7) . . ? 
C4 Mo1 C7 89.0(6) . . ? 
C6 Mo1 C7 90.7(6) . . ? 
C5 Mo1 C3 89.9(6) . . ? 
C4 Mo1 C3 89.4(6) . . ? 
C6 Mo1 C3 90.9(6) . . ? 
C7 Mo1 C3 176.9(6) . . ? 
C5 Mo1 Sb1 178.6(4) . . ? 
C4 Mo1 Sb1 89.0(4) . . ? 
C6 Mo1 Sb1 90.9(4) . . ? 
C7 Mo1 Sb1 91.3(5) . . ? 
C3 Mo1 Sb1 91.3(4) . . ? 
C1 Sb1 C2 98.5(8) . . ? 
C1 Sb1 Br1 95.7(6) . . ? 
C2 Sb1 Br1 96.9(8) . . ? 
C1 Sb1 Mo1 126.1(5) . . ? 
C2 Sb1 Mo1 124.4(7) . . ? 
Br1 Sb1 Mo1 108.16(8) . . ? 
O2 C3 Mo1 178.0(15) . . ? 
O4 C6 Mo1 176.5(14) . . ? 
O3 C5 Mo1 179.6(15) . . ? 
O1 C4 Mo1 177.1(14) . . ? 
O5 C7 Mo1 176.3(15) . . ? 
Sb1 C1 H1A 109.5 . . ? 
Sb1 C1 H1B 109.5 . . ? 
H1A C1 H1B 109.5 . . ? 
Sb1 C1 H1C 109.5 . . ? 
H1A C1 H1C 109.5 . . ? 
H1B C1 H1C 109.5 . . ? 
Sb1 C2 H2A 109.5 . . ? 
Sb1 C2 H2B 109.5 . . ? 
H2A C2 H2B 109.5 . . ? 
Sb1 C2 H2C 109.5 . . ? 306 
 
H2A C2 H2C 109.5 . . ? 
H2B C2 H2C 109.5 . . ? 
  
_diffrn_measured_fraction_theta_max    0.997 
_diffrn_reflns_theta_full              27.48 
_diffrn_measured_fraction_theta_full   0.997 
_refine_diff_density_max    2.547 
_refine_diff_density_min   -3.093 








_audit_creation_method          'SHELXL-97 + hand edit' 
_audit_creation_date    '2011-05-23' 
_audit_author_name    'Benjamin, S.L.' 
_audit_update_record             
; 2011-05-28 Relabelled some C & O to match other M(CO)5L 






 dibromo(methyl)stibine-pentacarbonyltungsten(0)  
; 
 
# MeSbBr2 = CH3Br2Sb 
# dibromo(methyl)stibine (iLab defaults) 
# dibromo(methyl)stibane (iLab selected options) 
  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C6 H3 Br2 O5 Sb W'   
_chemical_formula_sum            'C6 H3 Br2 O5 Sb W'  
_chemical_formula_weight          620.50  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2901   2.4595  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'     
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 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'W'  'W'  -0.8490   6.8722  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 
_symmetry_cell_setting            Orthorhombic 
_symmetry_space_group_name_H-M   'P b c a' 
_space_group_name_Hall       '-P 2ac 2ab' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x+1/2, -y, z+1/2'  
 '-x, y+1/2, -z+1/2'  
 'x+1/2, -y+1/2, -z'  
 '-x, -y, -z'  
 'x-1/2, y, -z-1/2'  
 'x, -y-1/2, z-1/2'  
 '-x-1/2, y-1/2, z'  
  
_cell_length_a                    6.5876(10)  
_cell_length_b                    12.473(3)  
_cell_length_c                    31.209(6)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  90.00  
_cell_angle_gamma                 90.00  
_cell_volume                      2564.4(8)  
_cell_formula_units_Z             8  
_cell_measurement_temperature     120(2)  
_cell_measurement_reflns_used     35891  
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48  
  
_exptl_crystal_description        fragment  
_exptl_crystal_colour             yellow 
_exptl_crystal_size_max           0.12  
_exptl_crystal_size_mid           0.10  
_exptl_crystal_size_min           0.02  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     3.214  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              2192  
_exptl_absorpt_coefficient_mu     17.300  
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.5325 # Expt'l Tmin & Tmax   
_exptl_absorpt_correction_T_max   1.0000 # scaled to Tmax=1.0 
_exptl_absorpt_process_details    








_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source          'Bruker-Nonius FR591 rotating anode' 
_diffrn_radiation_monochromator   '10cm confocal mirrors' 
_diffrn_measurement_device_type    
                    'Bruker-Nonius APEX II CCD camera on \k-goniostat' 
_diffrn_measurement_method        '\f & \w scans' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             18132  
_diffrn_reflns_av_R_equivalents   0.0431  
_diffrn_reflns_av_sigmaI/netI     0.0303  
_diffrn_reflns_limit_h_min        -8  
_diffrn_reflns_limit_h_max        8  
_diffrn_reflns_limit_k_min        -16  
_diffrn_reflns_limit_k_max        16  
_diffrn_reflns_limit_l_min        -30  
_diffrn_reflns_limit_l_max        40  
_diffrn_reflns_theta_min          3.27  
_diffrn_reflns_theta_max          27.50  
_reflns_number_total              2951  
_reflns_number_gt                 2604  
_reflns_threshold_expression      I>2\s(I)  
 
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'DIRDIF-99 (Beurskens, 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0097P)^2^+20.3426P] where P=(Fo^2^+2Fc^2^)/3'     
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_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          2951  
_refine_ls_number_parameters      137  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0358  
_refine_ls_R_factor_gt            0.0277  
_refine_ls_wR_factor_ref          0.0604  
_refine_ls_wR_factor_gt           0.0562  
_refine_ls_goodness_of_fit_ref    1.115  
_refine_ls_restrained_S_all       1.115  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
W1 W 0.98808(3) 0.384709(17) 0.418410(7) 0.01723(7) Uani 1 1 d . . .  
Sb1 Sb 1.10778(6) 0.44620(3) 0.339510(12) 0.02062(9) Uani 1 1 d . . .  
Br1 Br 0.91849(11) 0.60169(5) 0.30830(2) 0.03300(15) Uani 1 1 d . . .  
Br2 Br 1.00803(11) 0.30592(5) 0.28626(2) 0.03336(16) Uani 1 1 d . . .  
O1 O 0.5615(7) 0.3116(4) 0.38145(15) 0.0334(10) Uani 1 1 d . . .  
O2 O 1.1670(7) 0.1533(3) 0.39745(15) 0.0322(10) Uani 1 1 d . . .  
O3 O 1.4084(7) 0.4538(4) 0.46077(15) 0.0332(10) Uani 1 1 d . . .  
O4 O 0.7944(7) 0.6129(4) 0.43934(16) 0.0368(11) Uani 1 1 d . . .  
O5 O 0.8387(7) 0.3004(4) 0.50824(15) 0.0379(11) Uani 1 1 d . . .  
C1  C 1.3929(9) 0.4837(6) 0.3121(2) 0.0313(14) Uani 1 1 d . . .  
H1A H 1.4667 0.4172 0.3059 0.047 Uiso 1 1 calc R . .  
H1B H 1.4717 0.5273 0.3323 0.047 Uiso 1 1 calc R . .  
H1C H 1.3725 0.5239 0.2855 0.047 Uiso 1 1 calc R . .  
C2 C 0.7161(9) 0.3384(5) 0.3940(2) 0.0258(13) Uani 1 1 d . . .  
C3 C 1.1061(9) 0.2365(5) 0.40491(18) 0.0214(12) Uani 1 1 d . . .  
C4 C 1.2614(9) 0.4307(5) 0.44558(19) 0.0235(12) Uani 1 1 d . . .  
C5 C 0.8663(9) 0.5319(5) 0.4314(2) 0.0249(13) Uani 1 1 d . . .  
C6 C 0.8948(9) 0.3320(5) 0.4757(2) 0.0272(13) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  310 
 
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
W1  0.01769(12) 0.01624(12) 0.01777(13) 0.00097(8) 0.00062(8) -0.00027(8)  
Sb1 0.02179(19) 0.02111(18) 0.01896(19) 0.00136(15) 0.00028(15) -0.00079(15)  
Br1 0.0391(4) 0.0278(3) 0.0320(4) 0.0051(3) -0.0038(3) 0.0068(3)  
Br2 0.0455(4) 0.0292(3) 0.0253(3) -0.0034(3) -0.0022(3) -0.0079(3)  
O1 0.024(2) 0.036(2) 0.040(3) -0.006(2) -0.007(2) -0.0019(19)  
O2 0.042(3) 0.020(2) 0.035(3) 0.0015(19) 0.003(2) 0.0066(19)  
O3 0.026(2) 0.039(3) 0.035(3) -0.005(2) -0.008(2) -0.005(2)  
O4 0.039(3) 0.026(2) 0.045(3) -0.007(2) -0.001(2) 0.005(2)  
O5 0.044(3) 0.042(3) 0.028(3) 0.006(2) 0.009(2) -0.010(2)  
C1 0.022(3) 0.041(4) 0.031(4) -0.001(3) 0.005(3) -0.003(3)  
C2 0.027(3) 0.023(3) 0.027(3) -0.005(2) 0.003(3) 0.001(2)  
C3 0.022(3) 0.023(3) 0.020(3) 0.005(2) -0.002(2) 0.000(2)  
C4 0.022(3) 0.024(3) 0.025(3) -0.002(2) 0.005(2) -0.001(2)  
C5 0.025(3) 0.023(3) 0.026(3) 0.001(2) 0.003(3) 0.002(2)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
W1 C6 2.002(6) . ?  
W1 C2 2.032(6) . ?  
W1 C5 2.044(6) . ?  
W1 C3 2.049(6) . ?  
W1 C4 2.071(6) . ?  
W1 Sb1 2.6969(6) . ?  
Sb1 C1  2.116(6) . ?  
Sb1 Br2 2.5012(8) . ?  
Sb1 Br1 2.5031(8) . ?  
O1 C2 1.141(7) . ?  
O2 C3 1.137(7) . ?  
O3 C4 1.116(7) . ?  
O4 C5 1.143(7) . ?  
O5 C6 1.150(7) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  





 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C6 W1 C2 88.4(3) . . ?  
C6 W1 C5 89.8(2) . . ?  
C2 W1 C5 89.1(2) . . ?  
C6 W1 C3 90.2(2) . . ?  
C2 W1 C3 90.0(2) . . ?  
C5 W1 C3 179.1(2) . . ?  
C6 W1 C4 89.5(2) . . ?  
C2 W1 C4 177.9(2) . . ?  
C5 W1 C4 90.7(2) . . ?  
C3 W1 C4 90.2(2) . . ?  
C6 W1 Sb1 177.13(18) . . ?  
C2 W1 Sb1 89.76(18) . . ?  
C5 W1 Sb1 92.30(17) . . ?  
C3 W1 Sb1 87.58(16) . . ?  
C4 W1 Sb1 92.34(16) . . ?  
C1 Sb1 Br2 96.86(19) . . ?  
C1 Sb1 Br1 96.54(19) . . ?  
Br2 Sb1 Br1 98.78(3) . . ?  
C1 Sb1 W1 133.72(19) . . ?  
Br2 Sb1 W1 109.32(2) . . ?  
Br1 Sb1 W1 115.47(2) . . ?  
Sb1 C1 H1A 109.5 . . ?  
Sb1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Sb1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
O1 C2 W1 177.9(6) . . ?  
O2 C3 W1 178.4(5) . . ?  
O3 C4 W1 178.6(6) . . ?  
O4 C5 W1 178.2(6) . . ?  
O5 C6 W1 178.6(6) . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C2 W1 Sb1 Br1  66.27(17) . . . . ?  312 
 
C2 W1 Sb1 Br2 -43.98(17) . . . . ?  
C2 W1 Sb1 C1 -164.7(3)   . . . . ?  





_geom_contact_distance   
_geom_contact_site_symmetry_1  
_geom_contact_site_symmetry_2  
_geom_contact_publ_flag    
Sb1  O2  3.484(4) . 8_865  ? 
 
  
_diffrn_measured_fraction_theta_max    0.998  
_diffrn_reflns_theta_full              27.50  
_diffrn_measured_fraction_theta_full   0.998  
_refine_diff_density_max    1.180  
_refine_diff_density_min   -1.154  








_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '2011-03-02' 





 pentacarbonyl(bromo(dimethyl)stibine)manganese(I) trifluoromethanesulfonate    
; 
 
# Me2SbBr = C2H6BrSb 
# bromo(dimethyl)stibine (iLab defaults) 
# bromo(dimethyl)stibane (iLab selected options) 
 
# [F3CSO3]- = triflate anion 
# trifluoromethanesulphonate (from CSD search - very few hits(2?)) 
# trifluoromethanesulfonate  (from CSD search - many hits with 'f' spelling)   
# trifluoromethanesulfonate  (iLab defaults & selected options) 
  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C7 H6 Br Mn O5 Sb 1+, C F3 O3 S 1-'  
_chemical_formula_sum            'C8 H6 Br F3 Mn O8 S Sb'  
_chemical_formula_weight          575.79  
  
loop_  
 _atom_type_symbol     
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 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'S'  'S'   0.1246   0.1234  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Mn'  'Mn'   0.3368   0.7283  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2901   2.4595  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            monoclinic  
_symmetry_space_group_name_H-M    'P 21/c' 
_space_group_IT_number             14          




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    13.023(2)  
_cell_length_b                    7.6958(14)  
_cell_length_c                    16.455(3)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  93.553(7)  
_cell_angle_gamma                 90.00  
_cell_volume                      1646.0(5)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     120(2)  
_cell_measurement_reflns_used     23401  
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48 
  
_exptl_crystal_description        block  
_exptl_crystal_colour             yellow 
_exptl_crystal_size_max           0.15  
_exptl_crystal_size_mid           0.15  
_exptl_crystal_size_min           0.06  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.323  314 
 
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1088  
_exptl_absorpt_coefficient_mu     5.026  
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.8494 # Exptl Tmin  
_exptl_absorpt_correction_T_max   1.0000 # and Tmax  
_exptl_absorpt_process_details     




 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source           'Bruker-Nonius FR591 rotating anode'  
_diffrn_radiation_monochromator    'graphite' 
_diffrn_measurement_device_type  
                        'Bruker-Nonius 95mm CCD camera on \k-goniostat'  
_diffrn_measurement_method         '\f & \w scans' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             18193  
_diffrn_reflns_av_R_equivalents   0.0337  
_diffrn_reflns_av_sigmaI/netI     0.0276  
_diffrn_reflns_limit_h_min        -16  
_diffrn_reflns_limit_h_max        16  
_diffrn_reflns_limit_k_min        -9  
_diffrn_reflns_limit_k_max        9  
_diffrn_reflns_limit_l_min        -21  
_diffrn_reflns_limit_l_max        21  
_diffrn_reflns_theta_min          2.92  
_diffrn_reflns_theta_max          27.53  
_reflns_number_total              3727  
_reflns_number_gt                 3388  
_reflns_threshold_expression      I>2sigma(I)  
 
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'SHELXS-97 (Sheldrick, 1997)'  
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based     
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 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0549P)^2^+15.1265P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.0104(13)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
_refine_ls_number_reflns          3727  
_refine_ls_number_parameters      235  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0666  
_refine_ls_R_factor_gt            0.0608  
_refine_ls_wR_factor_ref          0.1584  
_refine_ls_wR_factor_gt           0.1541  
_refine_ls_goodness_of_fit_ref    1.128  
_refine_ls_restrained_S_all       1.128  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Mn1 Mn 0.15022(7) 0.30873(12) 0.63354(6) 0.0319(3) Uani 1 1 d . . .  
Sb1 Sb 0.32905(4) 0.22003(8) 0.58755(3) 0.0451(2) Uani 1 1 d . . .  
Br1 Br 0.44691(7) 0.41205(16) 0.67223(7) 0.0696(4) Uani 1 1 d . . .  
O1 O -0.0417(4) 0.4405(8) 0.7009(3) 0.0505(13) Uani 1 1 d . . .  
O2 O 0.2342(5) 0.2144(7) 0.8018(3) 0.0474(13) Uani 1 1 d . . .  
O3 O 0.0634(6) -0.0517(7) 0.6167(3) 0.0582(16) Uani 1 1 d . . .  
O4 O 0.0799(4) 0.3557(7) 0.4567(3) 0.0468(13) Uani 1 1 d . . .  
O5 O 0.2223(6) 0.6763(8) 0.6541(5) 0.080(3) Uani 1 1 d . . .  316 
 
C1 C 0.0286(6) 0.3871(10) 0.6729(4) 0.0388(15) Uani 1 1 d . . .  
C2 C 0.2023(6) 0.2529(9) 0.7387(5) 0.0389(15) Uani 1 1 d . . .  
C3 C 0.0982(6) 0.0797(10) 0.6220(4) 0.0415(16) Uani 1 1 d . . .  
C5 C 0.1978(6) 0.5374(11) 0.6438(6) 0.052(2) Uani 1 1 d . . .  
C4 C 0.1064(5) 0.3421(9) 0.5232(5) 0.0386(15) Uani 1 1 d . . .  
C6  C 0.3907(7) 0.2890(13) 0.4766(5) 0.053(2) Uani 1 1 d . . .  
H6A H 0.3589 0.3973 0.4564 0.079 Uiso 1 1 calc R . .  
H6B H 0.3767 0.1962 0.4366 0.079 Uiso 1 1 calc R . .  
H6C H 0.4652 0.3054 0.4853 0.079 Uiso 1 1 calc R . .  
C7  C 0.3982(7) -0.0142(12) 0.6305(6) 0.057(2) Uani 1 1 d . . .  
H7A H 0.3697 -0.0472 0.6820 0.086 Uiso 1 1 calc R . .  
H7B H 0.4727 0.0026 0.6392 0.086 Uiso 1 1 calc R . .  
H7C H 0.3843 -0.1064 0.5902 0.086 Uiso 1 1 calc R . .  
S1 S 0.2237(3) 0.6892(4) 0.96296(19) 0.0295(6) Uani 0.50 1 d P . .  
C8 C 0.2429(9) 0.6733(16) 0.8538(7) 0.027(2) Uiso 0.50 1 d P . .  
O6 O 0.3045(14) 0.792(2) 0.9974(10) 0.059(4) Uani 0.50 1 d P . .  
O7 O 0.1234(5) 0.7574(7) 0.9635(4) 0.0509(14) Uani 0.50 1 d P . .  
O8 O 0.2244(4) 0.4973(7) 0.9840(3) 0.0449(12) Uani 0.50 1 d P . .  
F1 F 0.1639(9) 0.5991(15) 0.8127(7) 0.040(2) Uani 0.50 1 d P . .  
F2 F 0.2623(5) 0.8418(7) 0.8309(4) 0.0700(16) Uani 0.50 1 d P . .  
F3 F 0.3361(5) 0.5914(8) 0.8452(4) 0.0747(18) Uani 0.50 1 d P . .  
S2 S 0.1776(3) 0.6184(5) 0.9229(2) 0.0417(8) Uani 0.50 1 d P . .  
C9 C 0.2942(15) 0.722(2) 0.8912(11) 0.054(4) Uiso 0.50 1 d P . .  
O9 O 0.1340(11) 0.5624(17) 0.8432(9) 0.046(3) Uani 0.50 1 d P . .  
O10 O 0.1234(5) 0.7574(7) 0.9635(4) 0.0509(14) Uani 0.50 1 d P . .  
O11 O 0.2244(4) 0.4973(7) 0.9840(3) 0.0449(12) Uani 0.50 1 d P . .  
F4 F 0.3465(12) 0.783(2) 0.9626(10) 0.076(5) Uani 0.50 1 d P . .  
F5 F 0.2623(5) 0.8418(7) 0.8309(4) 0.0700(16) Uani 0.50 1 d P . .  
F6 F 0.3361(5) 0.5914(8) 0.8452(4) 0.0747(18) Uani 0.50 1 d P . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Mn1 0.0293(5) 0.0282(5) 0.0370(5) 0.0095(4) -0.0073(4) -0.0077(4)  
Sb1 0.0299(3) 0.0609(4) 0.0438(3) 0.0114(2) -0.00406(19) -0.0044(2)  
Br1 0.0443(5) 0.0907(8) 0.0722(7) -0.0155(5) -0.0092(4) -0.0189(5)  
O1 0.039(3) 0.070(4) 0.042(3) -0.007(3) -0.005(2) 0.001(3)  
O2 0.062(3) 0.040(3) 0.037(3) 0.003(2) -0.015(2) 0.002(2)  
O3 0.091(5) 0.040(3) 0.044(3) 0.002(2) 0.010(3) -0.034(3)  
O4 0.055(3) 0.040(3) 0.044(3) 0.014(2) -0.009(2) -0.006(2)  
O5 0.079(5) 0.036(3) 0.120(6) 0.029(4) -0.043(4) -0.028(3)  
C1 0.039(4) 0.040(4) 0.035(3) -0.001(3) -0.011(3) -0.005(3)  
C2 0.040(4) 0.027(3) 0.050(4) -0.003(3) -0.004(3) -0.005(3)  
C3 0.044(4) 0.050(4) 0.030(3) 0.005(3) 0.001(3) -0.013(3)  
C5 0.041(4) 0.045(4) 0.068(5) 0.022(4) -0.018(4) -0.009(3)  
C4 0.035(3) 0.032(3) 0.048(4) 0.012(3) -0.002(3) -0.005(3)  
C6 0.045(4) 0.067(6) 0.046(4) 0.005(4) 0.002(3) -0.019(4)  
C7 0.043(4) 0.060(5) 0.066(5) 0.006(4) -0.011(4) -0.009(4)  
S1 0.0379(16) 0.0173(12) 0.0317(14) -0.0097(11) -0.0097(12) 0.0017(11)     
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O6 0.069(11) 0.046(7) 0.061(10) -0.011(7) -0.014(7) -0.028(7)  
O7 0.059(3) 0.047(3) 0.048(3) 0.003(2) 0.010(3) 0.024(3)  
O8 0.042(3) 0.038(3) 0.055(3) 0.009(2) 0.002(2) 0.014(2)  
F1 0.042(6) 0.040(6) 0.038(6) -0.006(4) 0.001(4) -0.005(4)  
F2 0.070(3) 0.045(3) 0.097(4) 0.025(3) 0.027(3) 0.012(3)  
F3 0.070(4) 0.076(4) 0.082(4) 0.015(3) 0.035(3) 0.038(3)  
S2 0.0364(17) 0.0406(18) 0.048(2) 0.0012(16) 0.0011(15) 0.0081(15)  
O9 0.053(8) 0.032(6) 0.050(8) -0.016(6) -0.017(6) 0.005(6)  
O10 0.059(3) 0.047(3) 0.048(3) 0.003(2) 0.010(3) 0.024(3)  
O11 0.042(3) 0.038(3) 0.055(3) 0.009(2) 0.002(2) 0.014(2)  
F4 0.065(9) 0.074(9) 0.084(11) 0.017(8) -0.041(7) -0.025(8)  
F5 0.070(3) 0.045(3) 0.097(4) 0.025(3) 0.027(3) 0.012(3)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Mn1 C1 1.849(8) . ?  
Mn1 C5 1.870(8) . ?  
Mn1 C2 1.870(8) . ?  
Mn1 C4 1.887(7) . ?  
Mn1 C3 1.894(8) . ?  
Mn1 Sb1 2.5847(12) . ?  
Sb1 C6 2.107(8) . ?  
Sb1 C7 2.117(9) . ?  
Sb1 Br1 2.4933(11) . ?  
O1 C1 1.128(9) . ?  
O2 C2 1.133(9) . ?  
O3 C3 1.109(9) . ?  
O4 C4 1.130(9) . ?  
O5 C5 1.125(10) . ?  
C6 H6A 0.9800 . ?  
C6 H6B 0.9800 . ?  
C6 H6C 0.9800 . ?  
C7 H7A 0.9800 . ?  
C7 H7B 0.9800 . ?  
C7 H7C 0.9800 . ?  
S1 S2 1.021(5) . ?  
S1 O6 1.405(15) . ?  
S1 O7 1.408(6) . ?  
S1 O8 1.517(6) . ?  318 
 
S1 C9 1.561(19) . ?  
S1 F4 1.753(15) . ?  
S1 C8 1.833(12) . ?  
C8 C9 0.96(2) . ?  
C8 F1 1.325(16) . ?  
C8 F2 1.378(13) . ?  
C8 F3 1.384(13) . ?  
C8 S2 1.521(12) . ?  
C8 O9 1.655(19) . ?  
O6 F4 0.818(19) . ?  
O6 C9 1.82(2) . ?  
O7 S2 1.466(6) . ?  
O8 S2 1.475(6) . ?  
F1 O9 0.713(14) . ?  
F1 S2 1.818(11) . ?  
F2 C9 1.399(19) . ?  
F3 C9 1.389(19) . ?  
S2 O9 1.462(13) . ?  
S2 C9 1.819(19) . ?  
C9 F4 1.40(2) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 Mn1 C5 87.0(4) . . ?  
C1 Mn1 C2 91.2(3) . . ?  
C5 Mn1 C2 91.9(3) . . ?  
C1 Mn1 C4 94.5(3) . . ?  
C5 Mn1 C4 92.1(3) . . ?  
C2 Mn1 C4 173.2(3) . . ?  
C1 Mn1 C3 91.7(3) . . ?  
C5 Mn1 C3 178.3(3) . . ?  
C2 Mn1 C3 89.2(3) . . ?  
C4 Mn1 C3 86.9(3) . . ?  
C1 Mn1 Sb1 174.6(2) . . ?  
C5 Mn1 Sb1 88.6(3) . . ?  
C2 Mn1 Sb1 85.9(2) . . ?  
C4 Mn1 Sb1 88.8(2) . . ?  
C3 Mn1 Sb1 92.7(2) . . ?  
C6 Sb1 C7 109.1(4) . . ?  
C6 Sb1 Br1 94.6(2) . . ?  
C7 Sb1 Br1 94.8(2) . . ?  
C6 Sb1 Mn1 125.9(3) . . ?  
C7 Sb1 Mn1 120.0(3) . . ?  
Br1 Sb1 Mn1 102.38(4) . . ?  
O1 C1 Mn1 175.4(6) . . ?  
O2 C2 Mn1 178.1(6) . . ?  
O3 C3 Mn1 176.6(8) . . ?  
O5 C5 Mn1 175.4(10) . . ?     
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O4 C4 Mn1 177.5(6) . . ?  
Sb1 C6 H6A 109.5 . . ?  
Sb1 C6 H6B 109.5 . . ?  
H6A C6 H6B 109.5 . . ?  
Sb1 C6 H6C 109.5 . . ?  
H6A C6 H6C 109.5 . . ?  
H6B C6 H6C 109.5 . . ?  
Sb1 C7 H7A 109.5 . . ?  
Sb1 C7 H7B 109.5 . . ?  
H7A C7 H7B 109.5 . . ?  
Sb1 C7 H7C 109.5 . . ?  
H7A C7 H7C 109.5 . . ?  
H7B C7 H7C 109.5 . . ?  
S2 S1 O6 162.7(8) . . ?  
S2 S1 O7 72.2(4) . . ?  
O6 S1 O7 117.4(8) . . ?  
S2 S1 O8 67.9(3) . . ?  
O6 S1 O8 117.4(8) . . ?  
O7 S1 O8 110.8(4) . . ?  
S2 S1 C9 87.0(8) . . ?  
O6 S1 C9 75.7(10) . . ?  
O7 S1 C9 122.3(8) . . ?  
O8 S1 C9 109.5(7) . . ?  
S2 S1 F4 135.7(7) . . ?  
# O6 S1 F4 27.3(8) . . ?  
O7 S1 F4 133.9(7) . . ?  
O8 S1 F4 114.0(6) . . ?  
C9 S1 F4 49.6(9) . . ?  
S2 S1 C8 56.1(5) . . ?  
O6 S1 C8 106.7(8) . . ?  
O7 S1 C8 102.4(5) . . ?  
O8 S1 C8 99.2(5) . . ?  
# C9 S1 C8 31.4(8) . . ?  
F4 S1 C8 81.0(7) . . ?  
C9 C8 F1 170.7(17) . . ?  
C9 C8 F2 71.0(14) . . ?  
F1 C8 F2 114.6(10) . . ?  
C9 C8 F3 70.1(14) . . ?  
F1 C8 F3 114.2(10) . . ?  
F2 C8 F3 102.9(8) . . ?  
C9 C8 S2 91.6(14) . . ?  
F1 C8 S2 79.1(8) . . ?  
F2 C8 S2 125.9(9) . . ?  
F3 C8 S2 119.0(9) . . ?  
C9 C8 O9 146.1(17) . . ?  
# F1 C8 O9 24.7(6) . . ?  
F2 C8 O9 128.9(10) . . ?  
F3 C8 O9 120.4(10) . . ?  
S2 C8 O9 54.6(7) . . ?  
C9 C8 S1 58.4(13) . . ?  
F1 C8 S1 112.4(9) . . ?  
F2 C8 S1 104.1(8) . . ?  
F3 C8 S1 107.7(7) . . ?  
# S2 C8 S1 33.9(3) . . ?  320 
 
O9 C8 S1 88.3(7) . . ?  
F4 O6 S1 100.8(19) . . ?  
F4 O6 C9 47.0(16) . . ?  
S1 O6 C9 56.0(8) . . ?  
# S1 O7 S2 41.6(2) . . ?  
# S2 O8 S1 39.9(2) . . ?  
O9 F1 C8 104.6(19) . . ?  
O9 F1 S2 49.7(15) . . ?  
C8 F1 S2 55.2(6) . . ?  
# C8 F2 C9 40.3(9) . . ?  
# C8 F3 C9 40.3(9) . . ?  
S1 S2 O9 156.5(8) . . ?  
S1 S2 O7 66.2(4) . . ?  
O9 S2 O7 116.9(6) . . ?  
S1 S2 O8 72.2(3) . . ?  
O9 S2 O8 123.2(6) . . ?  
O7 S2 O8 109.9(4) . . ?  
S1 S2 C8 90.1(6) . . ?  
O9 S2 C8 67.4(8) . . ?  
O7 S2 C8 116.4(6) . . ?  
O8 S2 C8 117.3(5) . . ?  
S1 S2 F1 134.8(5) . . ?  
# O9 S2 F1 21.9(6) . . ?  
O7 S2 F1 119.6(5) . . ?  
O8 S2 F1 129.8(5) . . ?  
C8 S2 F1 45.7(6) . . ?  
S1 S2 C9 59.0(7) . . ?  
O9 S2 C9 99.0(9) . . ?  
O7 S2 C9 104.2(7) . . ?  
O8 S2 C9 98.9(7) . . ?  
# C8 S2 C9 31.7(7) . . ?  
F1 S2 C9 77.4(7) . . ?  
C8 C9 F3 69.5(14) . . ?  
C8 C9 F2 68.7(14) . . ?  
F3 C9 F2 101.6(13) . . ?  
C8 C9 F4 163(2) . . ?  
F3 C9 F4 120.7(16) . . ?  
F2 C9 F4 118.8(15) . . ?  
C8 C9 S1 90.2(15) . . ?  
F3 C9 S1 124.4(13) . . ?  
F2 C9 S1 118.7(13) . . ?  
F4 C9 S1 72.4(11) . . ?  
C8 C9 S2 56.7(12) . . ?  
F3 C9 S2 101.7(11) . . ?  
F2 C9 S2 106.0(11) . . ?  
F4 C9 S2 106.0(13) . . ?  
# S1 C9 S2 34.1(4) . . ?  
C8 C9 O6 137.6(19) . . ?  
F3 C9 O6 136.6(15) . . ?  
F2 C9 O6 119.0(13) . . ?  
# F4 C9 O6 25.3(8) . . ?  
S1 C9 O6 48.3(7) . . ?  
S2 C9 O6 82.4(9) . . ?  
F1 O9 S2 108.4(19) . . ?     
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F1 O9 C8 50.8(15) . . ?  
S2 O9 C8 58.0(6) . . ?  
O6 F4 C9 108(2) . . ?  
O6 F4 S1 51.9(15) . . ?  
C9 F4 S1 58.0(9) . . ?  
 
loop_ 
_geom_contact_atom_site_label_1    
_geom_contact_atom_site_label_2   
_geom_contact_distance            
_geom_contact_site_symmetry_1   
_geom_contact_site_symmetry_2   
_geom_contact_publ_flag   




_diffrn_measured_fraction_theta_max    0.984  
_diffrn_reflns_theta_full              27.53  
_diffrn_measured_fraction_theta_full   0.984  
_refine_diff_density_max    1.715  
_refine_diff_density_min   -1.876  








_audit_creation_method         'SHELXL-97 + hand edit' 
_audit_creation_date           '2011-04-28' 
_audit_author_name             'Benjamin S.L.' 




 fac-tricarbonyltris(bromo(dimethyl)stibine)manganese(I)  
 trifluoromethanesulfonate toluene solvate  
; 
 
# Me2SbBr = C2H6BrSb 
# bromo(dimethyl)stibine (iLab defaults) 
# bromo(dimethyl)stibane (iLab selected options) 
 
# [F3CSO3]- = CF3O3S = triflate anion 
# trifluoromethanesulphonate (from CSD search - very few hits(2?)) 
# trifluoromethanesulfonate  (from CSD search - many hits with 'f' spelling)   
# trifluoromethanesulfonate  (iLab defaults & selected options) 
# (sodium) trifluoromethanesulfonate  (chemspider) 
 
  
   
_chemical_name_common             ?  322 
 
_chemical_melting_point           ?  
_chemical_formula_moiety      'C9 H18 Br3 Mn O3 Sb3 1+, C F3 O3 S 1-, C7 H8'  
_chemical_formula_sum         'C17 H26 Br3 F3 Mn O6 S Sb3'  
_chemical_formula_structural  '(C2 H6 Br Sb)3 (C O)3 Mn (C F3 S O3) (C7 H8)'  
 
_chemical_formula_weight          1075.36  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'S'  'S'   0.1246   0.1234  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Mn'  'Mn'   0.3368   0.7283  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2901   2.4595  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 
_symmetry_cell_setting            monoclinic  
_symmetry_space_group_name_H-M    'P 21/n' 
_space_group_IT_number             14          
_space_group_name_Hall            '-P 2yn'    
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x+1/2, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x-1/2, -y-1/2, z-1/2'  
  
_cell_length_a                    14.4226(5)  
_cell_length_b                    14.6672(10)  
_cell_length_c                    14.5421(10)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  102.658(3)  
_cell_angle_gamma                 90.00  
_cell_volume                      3001.5(3)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     120(2)  
_cell_measurement_reflns_used     34794  
_cell_measurement_theta_min       2.91 




_exptl_crystal_description        block  
_exptl_crystal_colour             yellow 
_exptl_crystal_size_max           0.20  
_exptl_crystal_size_mid           0.15  
_exptl_crystal_size_min           0.13  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.380  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              2008  
_exptl_absorpt_coefficient_mu     7.193  
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.5691 # Expt'l Tmin & Tmax    
_exptl_absorpt_correction_T_max   1.0000 # scaled to Tmax=1.0  
_exptl_absorpt_process_details     




 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source          'Bruker-Nonius FR591 rotating anode'  
_diffrn_radiation_monochromator   '10cm confocal mirrors' 
_diffrn_measurement_device_type  
                        'Bruker-Nonius APEX II CCD camera on \k-goniostat'  
_diffrn_measurement_method         '\f & \w scans' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             44598  
_diffrn_reflns_av_R_equivalents   0.0394  
_diffrn_reflns_av_sigmaI/netI     0.0270  
_diffrn_reflns_limit_h_min        -18  
_diffrn_reflns_limit_h_max        18  
_diffrn_reflns_limit_k_min        -19  
_diffrn_reflns_limit_k_max        16  
_diffrn_reflns_limit_l_min        -18  
_diffrn_reflns_limit_l_max        18  
_diffrn_reflns_theta_min          3.13  
_diffrn_reflns_theta_max          27.52  
_reflns_number_total              6850  
_reflns_number_gt                 6474  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'SHELXS-97 (Sheldrick, 1997)'   324 
 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0090P)^2^+8.1685P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          6850  
_refine_ls_number_parameters      308  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0248  
_refine_ls_R_factor_gt            0.0225  
_refine_ls_wR_factor_ref          0.0525  
_refine_ls_wR_factor_gt           0.0512  
_refine_ls_goodness_of_fit_ref    1.073  
_refine_ls_restrained_S_all       1.073  
_refine_ls_shift/su_max           0.002  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Mn1 Mn 0.17954(3) 0.73889(3) 0.49137(3) 0.01366(8) Uani 1 1 d . . .  
Sb1 Sb 0.202802(13) 0.874264(13) 0.386447(13) 0.01826(5) Uani 1 1 d . . .     
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Sb2 Sb 0.065241(13) 0.654509(13) 0.356407(13) 0.01596(5) Uani 1 1 d . . .  
Sb3 Sb 0.329272(12) 0.655562(12) 0.462732(13) 0.01565(5) Uani 1 1 d . . .  
Br1 Br 0.37297(2) 0.92880(2) 0.44247(3) 0.03216(8) Uani 1 1 d . . .  
Br2 Br 0.09469(2) 0.48501(2) 0.37964(2) 0.02581(7) Uani 1 1 d . . .  
Br3 Br 0.30842(2) 0.64819(2) 0.28474(2) 0.02607(7) Uani 1 1 d . . .  
S1 S -0.05097(5) 0.89495(5) 0.23252(5) 0.01800(14) Uani 1 1 d . . .  
F1 F -0.19701(14) 0.99539(14) 0.24468(15) 0.0357(5) Uani 1 1 d . . .  
F2 F -0.18010(16) 0.87543(16) 0.33142(18) 0.0460(6) Uani 1 1 d . . .  
F3 F -0.08880(15) 0.99112(17) 0.37166(14) 0.0418(5) Uani 1 1 d . . .  
O1 O 0.15165(16) 0.58664(16) 0.61674(16) 0.0283(5) Uani 1 1 d . . .  
O2 O 0.29075(17) 0.84394(16) 0.65206(16) 0.0303(5) Uani 1 1 d . . .  
O3 O 0.00845(15) 0.82970(16) 0.52892(16) 0.0273(5) Uani 1 1 d . . .  
O4 O -0.11202(15) 0.84227(15) 0.15931(15) 0.0243(5) Uani 1 1 d . . .  
O5 O -0.00661(15) 0.97339(16) 0.20174(15) 0.0264(5) Uani 1 1 d . . .  
O6 O 0.01234(15) 0.83905(15) 0.30251(15) 0.0225(4) Uani 1 1 d . . .  
C1 C 0.2092(3) 0.8790(2) 0.2425(2) 0.0282(7) Uani 1 1 d . . .  
H1A H 0.2367 0.8221 0.2252 0.042 Uiso 1 1 calc R . .  
H1B H 0.2490 0.9305 0.2320 0.042 Uiso 1 1 calc R . .  
H1C H 0.1450 0.8866 0.2037 0.042 Uiso 1 1 calc R . .  
C2 C 0.1428(2) 1.0005(2) 0.4150(2) 0.0241(6) Uani 1 1 d . . .  
H2A H 0.1382 1.0022 0.4813 0.036 Uiso 1 1 calc R . .  
H2B H 0.0793 1.0069 0.3744 0.036 Uiso 1 1 calc R . .  
H2C H 0.1833 1.0506 0.4027 0.036 Uiso 1 1 calc R . .  
C3 C 0.0498(2) 0.6502(2) 0.2078(2) 0.0255(7) Uani 1 1 d . . .  
H3A H 0.1126 0.6535 0.1925 0.038 Uiso 1 1 calc R . .  
H3B H 0.0111 0.7020 0.1791 0.038 Uiso 1 1 calc R . .  
H3C H 0.0186 0.5931 0.1833 0.038 Uiso 1 1 calc R . .  
C4 C -0.0773(2) 0.6468(2) 0.3719(2) 0.0239(6) Uani 1 1 d . . .  
H4A H -0.0784 0.6483 0.4390 0.036 Uiso 1 1 calc R . .  
H4B H -0.1060 0.5898 0.3440 0.036 Uiso 1 1 calc R . .  
H4C H -0.1133 0.6987 0.3398 0.036 Uiso 1 1 calc R . .  
C5 C 0.4717(2) 0.7022(2) 0.4869(2) 0.0262(7) Uani 1 1 d . . .  
H5A H 0.4723 0.7686 0.4794 0.039 Uiso 1 1 calc R . .  
H5B H 0.5038 0.6736 0.4414 0.039 Uiso 1 1 calc R . .  
H5C H 0.5049 0.6859 0.5510 0.039 Uiso 1 1 calc R . .  
C6 C 0.3527(2) 0.5138(2) 0.4836(2) 0.0258(7) Uani 1 1 d . . .  
H6A H 0.2915 0.4823 0.4745 0.039 Uiso 1 1 calc R . .  
H6B H 0.3893 0.5029 0.5478 0.039 Uiso 1 1 calc R . .  
H6C H 0.3882 0.4907 0.4382 0.039 Uiso 1 1 calc R . .  
C7 C 0.1635(2) 0.6440(2) 0.5686(2) 0.0189(6) Uani 1 1 d . . .  
C8 C 0.2509(2) 0.8024(2) 0.5898(2) 0.0202(6) Uani 1 1 d . . .  
C9 C 0.0742(2) 0.7952(2) 0.51256(19) 0.0181(6) Uani 1 1 d . . .  
C10 C -0.1339(2) 0.9410(2) 0.2988(2) 0.0253(6) Uani 1 1 d . . .  
C11 C 0.7580(3) 0.7495(3) 0.5212(3) 0.0384(8) Uani 1 1 d . . .  
H11A H 0.7710 0.6844 0.5323 0.058 Uiso 1 1 calc R . .  
H11B H 0.7331 0.7749 0.5732 0.058 Uiso 1 1 calc R . .  
H11C H 0.8169 0.7811 0.5174 0.058 Uiso 1 1 calc R . .  
C12 C 0.6861(2) 0.7619(2) 0.4304(3) 0.0292(7) Uani 1 1 d . . .  
C13 C 0.6375(3) 0.8446(2) 0.4111(3) 0.0339(8) Uani 1 1 d . . .  
H13 H 0.6502 0.8928 0.4558 0.041 Uiso 1 1 calc R . .  
C14 C 0.5715(3) 0.8572(3) 0.3283(3) 0.0377(9) Uani 1 1 d . . .  
H14 H 0.5396 0.9141 0.3161 0.045 Uiso 1 1 calc R . .  
C15 C 0.5509(3) 0.7870(3) 0.2619(3) 0.0378(8) Uani 1 1 d . . .  
H15 H 0.5046 0.7953 0.2050 0.045 Uiso 1 1 calc R . .  326 
 
C16 C 0.5989(3) 0.7056(3) 0.2803(3) 0.0347(8) Uani 1 1 d . . .  
H16 H 0.5857 0.6574 0.2358 0.042 Uiso 1 1 calc R . .  
C17 C 0.6666(2) 0.6936(2) 0.3635(2) 0.0296(7) Uani 1 1 d . . .  
H17 H 0.7000 0.6374 0.3746 0.036 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Mn1 0.01347(18) 0.0150(2) 0.01189(19) 0.00004(15) 0.00150(15) -0.00002(15)  
Sb1 0.02208(10) 0.01552(10) 0.01791(10) 0.00091(7) 0.00599(7) 0.00039(7)  
Sb2 0.01517(9) 0.01721(10) 0.01419(9) -0.00084(7) 0.00034(7) -0.00065(7)  
Sb3 0.01432(9) 0.01605(10) 0.01632(9) -0.00078(7) 0.00282(7) 0.00076(6)  
Br1 0.02255(15) 0.02615(17) 0.0485(2) -0.00012(14) 0.00933(14) -0.00372(12)  
Br2 0.02666(15) 0.01711(14) 0.03078(17) -0.00027(12) 0.00002(13) -0.00017(11)  
Br3 0.02937(16) 0.03266(18) 0.01607(14) -0.00196(12) 0.00473(12) 0.00741(13)  
S1 0.0184(3) 0.0203(3) 0.0143(3) 0.0008(3) 0.0014(3) -0.0019(3)  
F1 0.0300(10) 0.0336(11) 0.0394(11) -0.0038(9) -0.0013(9) 0.0104(8)  
F2 0.0437(12) 0.0438(13) 0.0613(15) 0.0102(11) 0.0350(12) 0.0007(10)  
F3 0.0402(12) 0.0557(14) 0.0276(11) -0.0177(10) 0.0032(9) 0.0066(10)  
O1 0.0303(12) 0.0294(13) 0.0257(11) 0.0107(10) 0.0071(9) -0.0015(10)  
O2 0.0308(12) 0.0316(13) 0.0240(12) -0.0118(10) -0.0036(10) -0.0013(10)  
O3 0.0233(11) 0.0325(13) 0.0278(12) -0.0029(10) 0.0092(9) 0.0070(9)  
O4 0.0255(11) 0.0261(12) 0.0188(11) -0.0036(9) -0.0003(9) -0.0038(9)  
O5 0.0258(11) 0.0281(12) 0.0238(11) 0.0062(9) 0.0019(9) -0.0069(9)  
O6 0.0225(10) 0.0232(11) 0.0207(11) 0.0047(8) 0.0023(9) 0.0033(8)  
C1 0.0413(18) 0.0254(17) 0.0223(16) 0.0042(13) 0.0164(14) 0.0030(14)  
C2 0.0299(16) 0.0165(14) 0.0262(16) -0.0019(12) 0.0068(13) 0.0030(12)  
C3 0.0297(16) 0.0285(17) 0.0161(14) -0.0030(12) 0.0002(12) 0.0030(13)  
C4 0.0185(14) 0.0267(16) 0.0257(16) 0.0006(12) 0.0028(12) -0.0017(12)  
C5 0.0162(13) 0.0333(18) 0.0296(17) 0.0005(14) 0.0063(12) -0.0041(12)  
C6 0.0280(15) 0.0181(15) 0.0267(16) -0.0012(12) -0.0043(13) 0.0029(12)  
C7 0.0142(13) 0.0243(15) 0.0172(14) -0.0009(11) 0.0010(11) 0.0006(11)  
C8 0.0176(13) 0.0214(15) 0.0219(14) 0.0010(12) 0.0047(11) 0.0022(11)  
C9 0.0212(14) 0.0196(14) 0.0123(12) -0.0003(11) 0.0010(11) -0.0012(11)  
C10 0.0267(15) 0.0273(17) 0.0213(15) 0.0007(12) 0.0042(12) 0.0004(13)  
C11 0.038(2) 0.038(2) 0.039(2) -0.0019(16) 0.0085(16) -0.0044(16)  
C12 0.0260(16) 0.0298(18) 0.0360(18) 0.0032(14) 0.0159(14) -0.0037(13)  
C13 0.0361(19) 0.0261(18) 0.046(2) -0.0031(15) 0.0224(17) -0.0034(14)  
C14 0.0372(19) 0.0314(19) 0.049(2) 0.0137(17) 0.0205(18) 0.0098(15)  
C15 0.0386(19) 0.044(2) 0.0323(19) 0.0105(16) 0.0112(16) 0.0059(17)  
C16 0.045(2) 0.0333(19) 0.0285(17) -0.0010(15) 0.0132(15) 0.0011(16)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only     
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 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Mn1 C9 1.814(3) . ?  
Mn1 C8 1.825(3) . ?  
Mn1 C7 1.835(3) . ?  
Mn1 Sb1 2.5706(5) . ?  
Mn1 Sb2 2.5852(5) . ?  
Mn1 Sb3 2.5932(4) . ?  
Sb1 C1 2.116(3) . ?  
Sb1 C2 2.123(3) . ?  
Sb1 Br1 2.5398(4) . ?  
Sb2 C4 2.119(3) . ?  
Sb2 C3 2.124(3) . ?  
Sb2 Br2 2.5322(4) . ?  
Sb3 C6 2.117(3) . ?  
Sb3 C5 2.120(3) . ?  
Sb3 Br3 2.5418(4) . ?  
S1 O5 1.435(2) . ?  
S1 O4 1.447(2) . ?  
S1 O6 1.461(2) . ?  
S1 C10 1.823(3) . ?  
F1 C10 1.330(4) . ?  
F2 C10 1.316(4) . ?  
F3 C10 1.335(4) . ?  
O1 C7 1.130(4) . ?  
O2 C8 1.137(4) . ?  
O3 C9 1.145(4) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
C3 H3A 0.9800 . ?  
C3 H3B 0.9800 . ?  
C3 H3C 0.9800 . ?  
C4 H4A 0.9800 . ?  
C4 H4B 0.9800 . ?  
C4 H4C 0.9800 . ?  
C5 H5A 0.9800 . ?  
C5 H5B 0.9800 . ?  
C5 H5C 0.9800 . ?  
C6 H6A 0.9800 . ?  
C6 H6B 0.9800 . ?  
C6 H6C 0.9800 . ?  
C11 C12 1.500(5) . ?  328 
 
C11 H11A 0.9800 . ?  
C11 H11B 0.9800 . ?  
C11 H11C 0.9800 . ?  
C12 C17 1.382(5) . ?  
C12 C13 1.399(5) . ?  
C13 C14 1.374(6) . ?  
C13 H13 0.9500 . ?  
C14 C15 1.399(6) . ?  
C14 H14 0.9500 . ?  
C15 C16 1.376(5) . ?  
C15 H15 0.9500 . ?  
C16 C17 1.389(5) . ?  
C16 H16 0.9500 . ?  
C17 H17 0.9500 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C9 Mn1 C8 89.07(13) . . ?  
C9 Mn1 C7 91.06(13) . . ?  
C8 Mn1 C7 91.83(13) . . ?  
C9 Mn1 Sb1 88.40(9) . . ?  
C8 Mn1 Sb1 86.96(10) . . ?  
C7 Mn1 Sb1 178.68(10) . . ?  
C9 Mn1 Sb2 85.91(9) . . ?  
C8 Mn1 Sb2 174.92(9) . . ?  
C7 Mn1 Sb2 87.51(9) . . ?  
Sb1 Mn1 Sb2 93.646(15) . . ?  
C9 Mn1 Sb3 178.89(9) . . ?  
C8 Mn1 Sb3 91.14(9) . . ?  
C7 Mn1 Sb3 87.84(9) . . ?  
Sb1 Mn1 Sb3 92.699(14) . . ?  
Sb2 Mn1 Sb3 93.863(15) . . ?  
C1 Sb1 C2 105.86(13) . . ?  
C1 Sb1 Br1 93.35(10) . . ?  
C2 Sb1 Br1 93.97(9) . . ?  
C1 Sb1 Mn1 130.69(9) . . ?  
C2 Sb1 Mn1 116.46(9) . . ?  
Br1 Sb1 Mn1 107.191(14) . . ?  
C4 Sb2 C3 102.63(13) . . ?  
C4 Sb2 Br2 94.11(9) . . ?  
C3 Sb2 Br2 94.79(9) . . ?  
C4 Sb2 Mn1 114.64(9) . . ?  
C3 Sb2 Mn1 133.93(9) . . ?  
Br2 Sb2 Mn1 107.956(14) . . ?  
C6 Sb3 C5 100.05(13) . . ?  
C6 Sb3 Br3 94.81(9) . . ?  
C5 Sb3 Br3 94.40(9) . . ?  
C6 Sb3 Mn1 123.51(9) . . ?     
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C5 Sb3 Mn1 129.20(9) . . ?  
Br3 Sb3 Mn1 105.471(13) . . ?  
O5 S1 O4 116.07(13) . . ?  
O5 S1 O6 114.46(13) . . ?  
O4 S1 O6 113.54(13) . . ?  
O5 S1 C10 104.88(15) . . ?  
O4 S1 C10 102.88(14) . . ?  
O6 S1 C10 102.83(14) . . ?  
Sb1 C1 H1A 109.5 . . ?  
Sb1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Sb1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
Sb1 C2 H2A 109.5 . . ?  
Sb1 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
Sb1 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  
Sb2 C3 H3A 109.5 . . ?  
Sb2 C3 H3B 109.5 . . ?  
H3A C3 H3B 109.5 . . ?  
Sb2 C3 H3C 109.5 . . ?  
H3A C3 H3C 109.5 . . ?  
H3B C3 H3C 109.5 . . ?  
Sb2 C4 H4A 109.5 . . ?  
Sb2 C4 H4B 109.5 . . ?  
H4A C4 H4B 109.5 . . ?  
Sb2 C4 H4C 109.5 . . ?  
H4A C4 H4C 109.5 . . ?  
H4B C4 H4C 109.5 . . ?  
Sb3 C5 H5A 109.5 . . ?  
Sb3 C5 H5B 109.5 . . ?  
H5A C5 H5B 109.5 . . ?  
Sb3 C5 H5C 109.5 . . ?  
H5A C5 H5C 109.5 . . ?  
H5B C5 H5C 109.5 . . ?  
Sb3 C6 H6A 109.5 . . ?  
Sb3 C6 H6B 109.5 . . ?  
H6A C6 H6B 109.5 . . ?  
Sb3 C6 H6C 109.5 . . ?  
H6A C6 H6C 109.5 . . ?  
H6B C6 H6C 109.5 . . ?  
O1 C7 Mn1 178.3(3) . . ?  
O2 C8 Mn1 176.1(3) . . ?  
O3 C9 Mn1 177.7(3) . . ?  
F2 C10 F1 108.5(3) . . ?  
F2 C10 F3 108.3(3) . . ?  
F1 C10 F3 106.9(3) . . ?  
F2 C10 S1 111.2(2) . . ?  
F1 C10 S1 110.6(2) . . ?  
F3 C10 S1 111.2(2) . . ?  
C12 C11 H11A 109.5 . . ?  330 
 
C12 C11 H11B 109.5 . . ?  
H11A C11 H11B 109.5 . . ?  
C12 C11 H11C 109.5 . . ?  
H11A C11 H11C 109.5 . . ?  
H11B C11 H11C 109.5 . . ?  
C17 C12 C13 118.1(3) . . ?  
C17 C12 C11 121.8(3) . . ?  
C13 C12 C11 120.1(3) . . ?  
C14 C13 C12 120.9(4) . . ?  
C14 C13 H13 119.6 . . ?  
C12 C13 H13 119.6 . . ?  
C13 C14 C15 120.5(3) . . ?  
C13 C14 H14 119.7 . . ?  
C15 C14 H14 119.7 . . ?  
C16 C15 C14 118.9(4) . . ?  
C16 C15 H15 120.6 . . ?  
C14 C15 H15 120.6 . . ?  
C15 C16 C17 120.5(4) . . ?  
C15 C16 H16 119.8 . . ?  
C17 C16 H16 119.8 . . ?  
C12 C17 C16 121.1(3) . . ?  
C12 C17 H17 119.4 . . ?  
C16 C17 H17 119.4 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
Br1 Sb1 Mn1 C8   39.51(9)   . . . . ?  
Br1 Sb1 Mn1 Sb3 -51.492(16) . . . . ?  
Br2 Sb2 Mn1 C7  -35.58(9)   . . . . ?  
Br2 Sb2 Mn1 Sb3  52.083(16) . . . . ?  
Br3 Sb3 Mn1 Sb1 -52.768(15) . . . . ?  






_geom_contact_distance   
_geom_contact_site_symmetry_1  
_geom_contact_site_symmetry_2  
_geom_contact_publ_flag    
Sb1  O6  2.799(2) . . ? 
Sb2  O6  2.874(2) . . ? 
Sb3  O4  2.798(2) . 4_676  ? 




_diffrn_measured_fraction_theta_max    0.992  
_diffrn_reflns_theta_full              27.52  
_diffrn_measured_fraction_theta_full   0.992  
_refine_diff_density_max    0.598  
_refine_diff_density_min   -0.710  








_audit_creation_method          'SHELXL-97 + hand edit' 
_audit_creation_date            '2012-03-19' 










# Me2SbBr = C2H6BrSb 
# bromo(dimethyl)stibine (iLab defaults) 
# bromo(dimethyl)stibane (iLab selected options) 
  
  
_chemical_name_common             ?  
_chemical_melting_point           ? 
_chemical_formula_moiety         'C9 H11 Br Fe O2 Sb 1+, B F4 1-'  
_chemical_formula_sum            'C9 H11 B Br F4 Fe O2 Sb' 
_chemical_formula_structural     '((C O)2 (C5 H5) (C2 H6 Br Sb) Fe) (B F4)'   
_chemical_formula_weight          495.50  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'B'  'B'   0.0013   0.0007  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  332 
 
 'Fe'  'Fe'   0.3463   0.8444  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2901   2.4595  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting             Triclinic  
_symmetry_space_group_name_H-M    'P -1' 
_space_group_IT_number             2          
_space_group_name_Hall            '-P 1' 
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    8.8658(11)  
_cell_length_b                    8.9344(12)  
_cell_length_c                    9.3885(11)  
_cell_angle_alpha                 107.836(8)  
_cell_angle_beta                  90.427(6)  
_cell_angle_gamma                 93.806(7)  
_cell_volume                      706.06(15)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     100(2) 
_cell_measurement_reflns_used     6246 
_cell_measurement_theta_min       3.2 
_cell_measurement_theta_max       27.6 
  
_exptl_crystal_description        'chip' 
_exptl_crystal_colour             'yellow' 
_exptl_crystal_size_max           0.10  
_exptl_crystal_size_mid           0.08  
_exptl_crystal_size_min           0.02  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.331  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              468  
_exptl_absorpt_coefficient_mu     5.806 
_exptl_absorpt_correction_type    'multi-scan' 
_exptl_absorpt_correction_T_max   1.000 
_exptl_absorpt_correction_T_min   0.737 
_exptl_absorpt_process_details   
; 
Jacobson, R. (1998). REQAB. Private communication to the  





 ?  
;  
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_diffrn_ambient_temperature       100(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_monochromator   'Confocal' 
_diffrn_radiation_collimation    'Confocal mirrors, VHF VariMax ' 
 
_diffrn_source                    'Rotating anode X-ray tube' 
_diffrn_source_type               'Rigaku FR-E+ Superbright' 
 
_diffrn_measurement_device        'Four-circle \k diffractometer'  
_diffrn_measurement_device_type   'Rigaku AFC12 ' 
_diffrn_measurement_method        'Profile data from \w-scans'  
 
_diffrn_detector                  'CCD plate' 
_diffrn_detector_type             'Rigaku HG Saturn724+ (2x2 bin mode)' 
_diffrn_detector_area_resol_mean   28.5714 
 
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             6827  
_diffrn_reflns_av_R_equivalents   0.0329  
_diffrn_reflns_av_sigmaI/netI     0.0417  
_diffrn_reflns_limit_h_min        -8  
_diffrn_reflns_limit_h_max        11  
_diffrn_reflns_limit_k_min        -11  
_diffrn_reflns_limit_k_max        11  
_diffrn_reflns_limit_l_min        -11  
_diffrn_reflns_limit_l_max        12  
_diffrn_reflns_theta_min          3.21  
_diffrn_reflns_theta_max          27.48  
_reflns_number_total              3216  
_reflns_number_gt                 3015  
_reflns_threshold_expression      I>2\s(I)  
 
_computing_data_collection 
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_cell_refinement  
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_data_reduction    
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_structure_solution  
   'SHELXS-97 (Sheldrick, 1997)'  
_computing_structure_refinement   
   'SHELXL-97 (Sheldrick, 2008)'  
_computing_molecular_graphics     ?  






 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  334 
 
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0344P)^2^+0.7436P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          3216  
_refine_ls_number_parameters      172  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0288  
_refine_ls_R_factor_gt            0.0266  
_refine_ls_wR_factor_ref          0.0678  
_refine_ls_wR_factor_gt           0.0663  
_refine_ls_goodness_of_fit_ref    1.023  
_refine_ls_restrained_S_all       1.023  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Sb1 Sb 0.692660(19) 0.426032(19) 0.241008(19) 0.01358(7) Uani 1 1 d . . .  
Br1 Br 0.69304(4) 0.66086(3) 0.47202(3) 0.02251(9) Uani 1 1 d . . .  
Fe1 Fe 0.81193(4) 0.21061(4) 0.30322(4) 0.01290(10) Uani 1 1 d . . .  
O1 O 1.0848(2) 0.2635(3) 0.1490(3) 0.0257(5) Uani 1 1 d . . .  
O2 O 0.9137(3) 0.4087(3) 0.6016(2) 0.0252(5) Uani 1 1 d . . .  
C1  C 0.4620(3) 0.4206(4) 0.1823(4) 0.0248(6) Uani 1 1 d . . .  
H1A H 0.4014 0.3640 0.2390 0.037 Uiso 1 1 calc R . .  
H1B H 0.4461 0.3667 0.0749 0.037 Uiso 1 1 calc R . .  
H1C H 0.4312 0.5287 0.2058 0.037 Uiso 1 1 calc R . .     
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C2  C 0.8074(3) 0.5504(3) 0.1117(3) 0.0202(6) Uani 1 1 d . . .  
H2A H 0.9164 0.5573 0.1334 0.030 Uiso 1 1 calc R . .  
H2B H 0.7722 0.6568 0.1363 0.030 Uiso 1 1 calc R . .  
H2C H 0.7869 0.4949 0.0052 0.030 Uiso 1 1 calc R . .  
C3 C 0.9794(3) 0.2454(3) 0.2102(3) 0.0184(6) Uani 1 1 d . . .  
C4 C 0.8739(3) 0.3339(3) 0.4845(3) 0.0184(6) Uani 1 1 d . . .  
C5 C 0.7491(4) -0.0044(3) 0.1407(4) 0.0232(6) Uani 1 1 d . . .  
H5 H 0.7691 -0.0287 0.0372 0.028 Uiso 1 1 calc R . .  
C6 C 0.8445(4) -0.0276(3) 0.2528(4) 0.0253(7) Uani 1 1 d . . .  
H6 H 0.9404 -0.0705 0.2373 0.030 Uiso 1 1 calc R . .  
C7 C 0.7732(4) 0.0238(3) 0.3912(4) 0.0219(6) Uani 1 1 d . . .  
H7 H 0.8120 0.0205 0.4847 0.026 Uiso 1 1 calc R . .  
C8 C 0.6332(3) 0.0813(3) 0.3665(3) 0.0206(6) Uani 1 1 d . . .  
H8 H 0.5623 0.1249 0.4405 0.025 Uiso 1 1 calc R . .  
C9 C 0.6184(3) 0.0619(3) 0.2122(4) 0.0226(6) Uani 1 1 d . . .  
H9 H 0.5345 0.0890 0.1641 0.027 Uiso 1 1 calc R . .  
B1 B 0.7252(4) 0.1562(4) 0.8167(4) 0.0206(7) Uani 1 1 d . . .  
F1 F 0.8694(2) 0.2293(3) 0.8390(3) 0.0418(6) Uani 1 1 d . . .  
F2 F 0.6476(2) 0.2070(2) 0.9519(2) 0.0272(4) Uani 1 1 d . . .  
F3 F 0.6473(3) 0.1973(3) 0.7097(2) 0.0408(5) Uani 1 1 d . . .  
F4 F 0.7325(2) -0.0054(2) 0.7756(2) 0.0312(4) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Sb1 0.01426(11) 0.01238(10) 0.01431(11) 0.00460(7) -0.00033(7) 0.00013(7)  
Br1 0.03049(17) 0.01548(15) 0.01975(16) 0.00211(12) 0.00161(12) 0.00464(12)  
Fe1 0.01394(19) 0.01004(18) 0.0143(2) 0.00354(15) 0.00085(15) -0.00086(14)  
O1 0.0199(10) 0.0276(11) 0.0316(13) 0.0123(10) 0.0088(9) 0.0006(9)  
O2 0.0339(12) 0.0230(11) 0.0179(11) 0.0073(9) -0.0056(9) -0.0066(9)  
C1 0.0170(13) 0.0354(17) 0.0239(16) 0.0118(13) -0.0022(12) 0.0030(12)  
C2 0.0238(14) 0.0187(13) 0.0198(14) 0.0101(11) 0.0002(11) -0.0056(11)  
C3 0.0207(14) 0.0147(12) 0.0199(14) 0.0054(11) -0.0004(11) 0.0025(11)  
C4 0.0183(13) 0.0166(13) 0.0237(15) 0.0114(12) 0.0005(11) -0.0009(11)  
C5 0.0332(17) 0.0103(12) 0.0207(15) -0.0017(11) 0.0045(12) -0.0055(11)  
C6 0.0267(15) 0.0117(13) 0.0365(18) 0.0052(12) 0.0083(13) 0.0040(11)  
C7 0.0312(16) 0.0121(12) 0.0238(15) 0.0081(11) 0.0014(12) -0.0009(11)  
C8 0.0223(14) 0.0148(13) 0.0234(15) 0.0051(11) 0.0071(12) -0.0045(11)  
C9 0.0228(14) 0.0152(13) 0.0271(16) 0.0052(12) -0.0043(12) -0.0100(11)  
B1 0.0202(16) 0.0197(15) 0.0200(17) 0.0036(13) 0.0029(13) -0.0001(13)  
F1 0.0214(10) 0.0310(11) 0.0628(15) 0.0004(10) 0.0083(10) -0.0053(8)  
F2 0.0320(10) 0.0283(9) 0.0182(9) 0.0035(8) 0.0072(8) -0.0029(8)  
F3 0.0585(14) 0.0427(13) 0.0248(11) 0.0134(10) -0.0041(10) 0.0157(11)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  336 
 
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Sb1 C2 2.107(3) . ?  
Sb1 C1 2.108(3) . ?  
Sb1 Fe1 2.4725(5) . ?  
Sb1 Br1 2.5134(5) . ?  
Fe1 C4 1.780(3) . ?  
Fe1 C3 1.786(3) . ?  
Fe1 C6 2.074(3) . ?  
Fe1 C7 2.088(3) . ?  
Fe1 C5 2.092(3) . ?  
Fe1 C8 2.096(3) . ?  
Fe1 C9 2.102(3) . ?  
O1 C3 1.129(4) . ?  
O2 C4 1.137(4) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
C5 C9 1.415(4) . ?  
C5 C6 1.418(5) . ?  
C5 H5 0.9500 . ?  
C6 C7 1.408(4) . ?  
C6 H6 0.9500 . ?  
C7 C8 1.418(4) . ?  
C7 H7 0.9500 . ?  
C8 C9 1.409(4) . ?  
C8 H8 0.9500 . ?  
C9 H9 0.9500 . ?  
B1 F3 1.368(4) . ?  
B1 F4 1.382(4) . ?  
B1 F1 1.380(4) . ?  
B1 F2 1.411(4) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag     
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C2 Sb1 C1 105.08(12) . . ?  
C2 Sb1 Fe1 120.32(9) . . ?  
C1 Sb1 Fe1 124.51(9) . . ?  
C2 Sb1 Br1 94.50(8) . . ?  
C1 Sb1 Br1 96.49(9) . . ?  
Fe1 Sb1 Br1 109.050(16) . . ?  
C4 Fe1 C3 95.97(13) . . ?  
C4 Fe1 C6 116.83(13) . . ?  
C3 Fe1 C6 92.05(13) . . ?  
C4 Fe1 C7 89.12(12) . . ?  
C3 Fe1 C7 124.56(13) . . ?  
C6 Fe1 C7 39.55(12) . . ?  
C4 Fe1 C5 155.09(13) . . ?  
C3 Fe1 C5 93.79(13) . . ?  
C6 Fe1 C5 39.78(13) . . ?  
C7 Fe1 C5 66.56(12) . . ?  
C4 Fe1 C8 98.55(12) . . ?  
C3 Fe1 C8 157.91(12) . . ?  
C6 Fe1 C8 66.53(12) . . ?  
C7 Fe1 C8 39.64(12) . . ?  
C5 Fe1 C8 66.54(12) . . ?  
C4 Fe1 C9 135.74(13) . . ?  
C3 Fe1 C9 128.26(13) . . ?  
C6 Fe1 C9 66.12(13) . . ?  
C7 Fe1 C9 65.95(12) . . ?  
C5 Fe1 C9 39.44(12) . . ?  
C8 Fe1 C9 39.23(12) . . ?  
C4 Fe1 Sb1 93.11(9) . . ?  
C3 Fe1 Sb1 90.78(9) . . ?  
C6 Fe1 Sb1 149.42(10) . . ?  
C7 Fe1 Sb1 144.17(9) . . ?  
C5 Fe1 Sb1 109.64(9) . . ?  
C8 Fe1 Sb1 104.90(9) . . ?  
C9 Fe1 Sb1 88.52(9) . . ?  
Sb1 C1 H1A 109.5 . . ?  
Sb1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Sb1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
Sb1 C2 H2A 109.5 . . ?  
Sb1 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
Sb1 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  
O1 C3 Fe1 178.2(3) . . ?  
O2 C4 Fe1 177.9(3) . . ?  
C9 C5 C6 107.1(3) . . ?  
C9 C5 Fe1 70.66(16) . . ?  
C6 C5 Fe1 69.43(17) . . ?  
C9 C5 H5 126.5 . . ?  
C6 C5 H5 126.5 . . ?  
Fe1 C5 H5 125.0 . . ?  338 
 
C7 C6 C5 108.5(3) . . ?  
C7 C6 Fe1 70.75(17) . . ?  
C5 C6 Fe1 70.79(17) . . ?  
C7 C6 H6 125.7 . . ?  
C5 C6 H6 125.7 . . ?  
Fe1 C6 H6 124.3 . . ?  
C6 C7 C8 108.0(3) . . ?  
C6 C7 Fe1 69.70(17) . . ?  
C8 C7 Fe1 70.48(17) . . ?  
C6 C7 H7 126.0 . . ?  
C8 C7 H7 126.0 . . ?  
Fe1 C7 H7 125.4 . . ?  
C9 C8 C7 107.5(3) . . ?  
C9 C8 Fe1 70.63(16) . . ?  
C7 C8 Fe1 69.88(16) . . ?  
C9 C8 H8 126.2 . . ?  
C7 C8 H8 126.2 . . ?  
Fe1 C8 H8 124.8 . . ?  
C8 C9 C5 108.9(3) . . ?  
C8 C9 Fe1 70.14(16) . . ?  
C5 C9 Fe1 69.90(17) . . ?  
C8 C9 H9 125.6 . . ?  
C5 C9 H9 125.6 . . ?  
Fe1 C9 H9 126.0 . . ?  
F3 B1 F4 110.3(3) . . ?  
F3 B1 F1 110.7(3) . . ?  
F4 B1 F1 109.9(3) . . ?  
F3 B1 F2 108.0(3) . . ?  
F4 B1 F2 109.3(3) . . ?  





_geom_contact_distance   
_geom_contact_site_symmetry_1  
_geom_contact_site_symmetry_2  
_geom_contact_publ_flag    
Sb1  F2  2.825(2) . 1_554  ? 
  
_diffrn_measured_fraction_theta_max    0.992  
_diffrn_reflns_theta_full              27.48  
_diffrn_measured_fraction_theta_full   0.992  
_refine_diff_density_max    0.848  
_refine_diff_density_min   -1.223  








_audit_creation_method          'SHELXL-97  hand edit'    
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_audit_creation_date            '2012-06-12' 
_audit_author_name              'Benjamin S.L.' 








# Do you regard the bromide as a mu~2~-bromo ligand? See checkcif o/p. 
  
 
_chemical_name_common             ? 
_chemical_melting_point           ? 
_chemical_formula_moiety          'C10 H17 Br2 Fe O Sb2 +, Br -' 
# _chemical_formula_moiety        'C10 H17 Br3 Fe O Sb2' 
_chemical_formula_sum             'C10 H17 Br3 Fe O Sb2' 
_chemical_formula_structural     '((C2H6BrSb)2 (C O) (C5 H5) Fe) Br'  
_chemical_formula_weight          692.32  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Fe'  'Fe'   0.3463   0.8444  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2901   2.4595  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 
_symmetry_cell_setting             Monoclinic  
_symmetry_space_group_name_H-M    'P21/c' 
_space_group_IT_number             14          




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    7.2336(12)  340 
 
_cell_length_b                    9.4231(12)  
_cell_length_c                    25.906(7)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  92.848(7)  
_cell_angle_gamma                 90.00  
_cell_volume                      1763.7(6)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     120(2) 
_cell_measurement_reflns_used     7868 
_cell_measurement_theta_min       3.2 
_cell_measurement_theta_max       27.4 
  
_exptl_crystal_description        'block' 
_exptl_crystal_colour             'orange' 
_exptl_crystal_size_max           0.30  
_exptl_crystal_size_mid           0.21  
_exptl_crystal_size_min           0.15  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.607  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1272  
_exptl_absorpt_coefficient_mu     10.634  
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_max   1.000 
_exptl_absorpt_correction_T_min   0.438 
_exptl_absorpt_process_details   
; 
Jacobson, R. (1998). REQAB. Private communication to the  





 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_source_power              2 
_diffrn_source_voltage            50 
_diffrn_source_current            40 
_diffrn_source                   'Sealed X-Ray tube' 
_diffrn_source_target      Mo 
_diffrn_source_size     '12 mm x 0.4 mm long fine-focus' 
_diffrn_radiation_xray_symbol     K-L~2,3~ 
_diffrn_radiation_monochromator   graphite 
_diffrn_radiation_collimation   '0.3 mm' 
 
_diffrn_detector                        'Image plate' 
_diffrn_detector_type                   'Rigaku Curved Fujifilm ' 
_diffrn_detector_area_resol_mean        10   
 
_diffrn_measurement_device    'three-circle quarter \c diffractometer'    
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_diffrn_measurement_device_type         'Rigaku R-AXIS SPIDER IP' 
_diffrn_measurement_method              'profile data from oscillation \w-scans' 
_diffrn_measurement_specimen_support  'MiTeGen micromount' 
  
_diffrn_standards_number          0 
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             8737  
_diffrn_reflns_av_R_equivalents   0.0283  
_diffrn_reflns_av_sigmaI/netI     0.0358  
_diffrn_reflns_limit_h_min        -8  
_diffrn_reflns_limit_h_max        8  
_diffrn_reflns_limit_k_min        -11  
_diffrn_reflns_limit_k_max        10  
_diffrn_reflns_limit_l_min        -25  
_diffrn_reflns_limit_l_max        31  
_diffrn_reflns_theta_min          3.16  
_diffrn_reflns_theta_max          26.00  
_reflns_number_total              3434  
_reflns_number_gt                 2964  
_reflns_threshold_expression      I>2sigma(I)  
 
_computing_data_collection 
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_cell_refinement  
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_data_reduction    
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_structure_solution  
   'SHELXS-97 (Sheldrick, 1997)'  
_computing_structure_refinement   
   'SHELXL-97 (Sheldrick, 2008)'   
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0235P)^2^+3.7770P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  342 
 
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          3434  
_refine_ls_number_parameters      158  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0356  
_refine_ls_R_factor_gt            0.0266  
_refine_ls_wR_factor_ref          0.0618  
_refine_ls_wR_factor_gt           0.0568  
_refine_ls_goodness_of_fit_ref    1.109  
_refine_ls_restrained_S_all       1.109  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Sb1 Sb 0.31652(4) 0.36592(3) 0.090400(12) 0.01486(9) Uani 1 1 d . . .  
Sb2 Sb 0.16613(4) 0.01442(3) 0.122445(12) 0.01378(9) Uani 1 1 d . . .  
Br1 Br 0.59622(7) 0.53259(5) 0.12053(2) 0.02182(13) Uani 1 1 d . . .  
Br2 Br 0.26261(7) -0.17749(6) 0.19146(2) 0.02422(13) Uani 1 1 d . . .  
Br3 Br 0.01693(8) 0.19938(6) 0.03633(2) 0.02759(14) Uani 1 1 d . . .  
Fe1 Fe 0.26492(8) 0.23105(7) 0.16987(3) 0.01069(15) Uani 1 1 d . . .  
O1  O 0.6436(5) 0.1282(4) 0.18024(15) 0.0272(9) Uani 1 1 d . . .  
C1  C 0.1480(7) 0.5419(5) 0.0679(2) 0.0251(12) Uani 1 1 d . . .  
H1A H 0.1704 0.5675 0.0320 0.038 Uiso 1 1 calc R . .  
H1B H 0.1785 0.6227 0.0905 0.038 Uiso 1 1 calc R . .  
H1C H 0.0174 0.5167 0.0706 0.038 Uiso 1 1 calc R . .  
C2  C 0.4655(8) 0.3007(6) 0.0262(2) 0.0296(13) Uani 1 1 d . . .  
H2A H 0.4531 0.3726 -0.0010 0.044 Uiso 1 1 calc R . .  
H2B H 0.4160 0.2101 0.0131 0.044 Uiso 1 1 calc R . .  
H2C H 0.5965 0.2892 0.0369 0.044 Uiso 1 1 calc R . .  
C3  C -0.0987(7) -0.0823(6) 0.1108(2) 0.0274(13) Uani 1 1 d . . .  
H3A H -0.1919 -0.0091 0.1028 0.041 Uiso 1 1 calc R . .  
H3B H -0.1299 -0.1328 0.1423 0.041 Uiso 1 1 calc R . .  
H3C H -0.0960 -0.1496 0.0820 0.041 Uiso 1 1 calc R . .  
C4  C 0.3407(7) -0.0736(5) 0.06724(19) 0.0192(11) Uani 1 1 d . . .  
H4A H 0.4177 -0.1482 0.0836 0.029 Uiso 1 1 calc R . .  
H4B H 0.4203 0.0009 0.0541 0.029 Uiso 1 1 calc R . .  
H4C H 0.2647 -0.1142 0.0386 0.029 Uiso 1 1 calc R . .  
C5  C 0.4927(7) 0.1704(5) 0.17516(19) 0.0174(11) Uani 1 1 d . . .     
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C6 C 0.0552(7) 0.1964(6) 0.22116(19) 0.0200(11) Uani 1 1 d . . .  
H6 H -0.0175 0.1128 0.2229 0.024 Uiso 1 1 calc R . .  
C7 C 0.2239(8) 0.2210(7) 0.2486(2) 0.0288(13) Uani 1 1 d . . .  
H7 H 0.2858 0.1565 0.2717 0.035 Uiso 1 1 calc R . .  
C8 C 0.2866(8) 0.3590(6) 0.2359(2) 0.0315(14) Uani 1 1 d . . .  
H8 H 0.3972 0.4036 0.2489 0.038 Uiso 1 1 calc R . .  
C9 C 0.1530(7) 0.4173(6) 0.2003(2) 0.0245(12) Uani 1 1 d . . .  
H9 H 0.1577 0.5091 0.1853 0.029 Uiso 1 1 calc R . .  
C10 C 0.0114(6) 0.3163(6) 0.19063(19) 0.0205(11) Uani 1 1 d . . .  
H10 H -0.0943 0.3273 0.1677 0.025 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Sb1 0.01941(17) 0.01175(17) 0.01354(17) 0.00186(13) 0.00213(13) 0.00174(13)  
Sb2 0.01350(16) 0.01177(17) 0.01615(18) -0.00392(13) 0.00154(12) -0.00198(13)  
Br1 0.0211(3) 0.0180(3) 0.0261(3) 0.0004(2) -0.0016(2) -0.0046(2)  
Br2 0.0336(3) 0.0146(3) 0.0244(3) 0.0055(2) 0.0009(2) -0.0021(2)  
Br3 0.0355(3) 0.0209(3) 0.0247(3) -0.0005(2) -0.0155(2) 0.0003(2)  
Fe1 0.0116(3) 0.0101(3) 0.0104(3) -0.0015(3) 0.0010(3) 0.0001(3)  
O1 0.0152(18) 0.028(2) 0.038(2) 0.0021(18) -0.0020(16) 0.0020(16)  
C1 0.028(3) 0.014(3) 0.032(3) 0.004(2) -0.008(2) 0.003(2)  
C2 0.041(3) 0.024(3) 0.024(3) 0.001(3) 0.013(3) 0.003(3)  
C3 0.021(3) 0.028(3) 0.033(3) -0.008(3) 0.001(2) -0.009(2)  
C4 0.022(3) 0.018(3) 0.018(3) -0.006(2) 0.006(2) -0.001(2)  
C5 0.019(3) 0.017(3) 0.016(3) -0.002(2) -0.001(2) -0.005(2)  
C6 0.023(3) 0.020(3) 0.018(3) -0.001(2) 0.009(2) 0.001(2)  
C7 0.034(3) 0.040(4) 0.013(3) 0.005(3) 0.003(2) 0.017(3)  
C8 0.027(3) 0.043(4) 0.024(3) -0.027(3) 0.004(2) -0.005(3)  
C9 0.035(3) 0.014(3) 0.026(3) -0.005(2) 0.014(2) 0.003(2)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Sb1 C2 2.117(5) . ?  344 
 
Sb1 C1 2.123(5) . ?  
Sb1 Fe1 2.4635(9) . ?  
Sb1 Br1 2.6481(6) . ?  
Sb1 Br3 2.9698(7) . ?  
Sb2 C4 2.123(5) . ?  
Sb2 C3 2.129(5) . ?  
Sb2 Fe1 2.4698(8) . ?  
Sb2 Br2 2.6135(7) . ?  
Sb2 Br3 2.9901(8) . ?  
Fe1 C5 1.743(5) . ?  
Fe1 C7 2.077(5) . ?  
Fe1 C6 2.091(5) . ?  
Fe1 C8 2.093(5) . ?  
Fe1 C10 2.097(5) . ?  
Fe1 C9 2.102(5) . ?  
O1 C5 1.163(6) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
C3 H3A 0.9800 . ?  
C3 H3B 0.9800 . ?  
C3 H3C 0.9800 . ?  
C4 H4A 0.9800 . ?  
C4 H4B 0.9800 . ?  
C4 H4C 0.9800 . ?  
C6 C7 1.400(7) . ?  
C6 C10 1.406(7) . ?  
C6 H6 0.9500 . ?  
C7 C8 1.421(8) . ?  
C7 H7 0.9500 . ?  
C8 C9 1.414(8) . ?  
C8 H8 0.9500 . ?  
C9 C10 1.411(7) . ?  
C9 H9 0.9500 . ?  
C10 H10 0.9500 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C2 Sb1 C1 108.6(2) . . ?  
C2 Sb1 Fe1 127.63(16) . . ?  
C1 Sb1 Fe1 121.61(16) . . ?  
C2 Sb1 Br1 89.56(16) . . ?  
C1 Sb1 Br1 92.15(14) . . ?  
Fe1 Sb1 Br1 101.82(2) . . ?  
C2 Sb1 Br3 82.20(16) . . ?     
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C1 Sb1 Br3 83.54(14) . . ?  
Fe1 Sb1 Br3 89.10(2) . . ?  
Br1 Sb1 Br3 168.92(2) . . ?  
C4 Sb2 C3 107.4(2) . . ?  
C4 Sb2 Fe1 119.40(14) . . ?  
C3 Sb2 Fe1 131.32(15) . . ?  
C4 Sb2 Br2 92.46(14) . . ?  
C3 Sb2 Br2 90.47(16) . . ?  
Fe1 Sb2 Br2 99.83(3) . . ?  
C4 Sb2 Br3 85.98(14) . . ?  
C3 Sb2 Br3 81.68(16) . . ?  
Fe1 Sb2 Br3 88.52(2) . . ?  
Br2 Sb2 Br3 171.12(2) . . ?  
Sb1 Br3 Sb2 74.229(18) . . ?  
C5 Fe1 C7 95.1(2) . . ?  
C5 Fe1 C6 127.7(2) . . ?  
C7 Fe1 C6 39.3(2) . . ?  
C5 Fe1 C8 95.3(2) . . ?  
C7 Fe1 C8 39.8(2) . . ?  
C6 Fe1 C8 66.3(2) . . ?  
C5 Fe1 C10 160.2(2) . . ?  
C7 Fe1 C10 66.2(2) . . ?  
C6 Fe1 C10 39.2(2) . . ?  
C8 Fe1 C10 66.5(2) . . ?  
C5 Fe1 C9 128.6(2) . . ?  
C7 Fe1 C9 66.0(2) . . ?  
C6 Fe1 C9 65.6(2) . . ?  
C8 Fe1 C9 39.4(2) . . ?  
C10 Fe1 C9 39.3(2) . . ?  
C5 Fe1 Sb1 93.04(17) . . ?  
C7 Fe1 Sb1 151.49(17) . . ?  
C6 Fe1 Sb1 139.13(14) . . ?  
C8 Fe1 Sb1 112.19(18) . . ?  
C10 Fe1 Sb1 100.81(15) . . ?  
C9 Fe1 Sb1 87.68(15) . . ?  
C5 Fe1 Sb2 90.98(16) . . ?  
C7 Fe1 Sb2 113.50(18) . . ?  
C6 Fe1 Sb2 89.20(15) . . ?  
C8 Fe1 Sb2 153.01(17) . . ?  
C10 Fe1 Sb2 102.07(15) . . ?  
C9 Fe1 Sb2 140.27(15) . . ?  
Sb1 Fe1 Sb2 93.60(3) . . ?  
Sb1 C1 H1A 109.5 . . ?  
Sb1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Sb1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
Sb1 C2 H2A 109.5 . . ?  
Sb1 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
Sb1 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  346 
 
Sb2 C3 H3A 109.5 . . ?  
Sb2 C3 H3B 109.5 . . ?  
H3A C3 H3B 109.5 . . ?  
Sb2 C3 H3C 109.5 . . ?  
H3A C3 H3C 109.5 . . ?  
H3B C3 H3C 109.5 . . ?  
Sb2 C4 H4A 109.5 . . ?  
Sb2 C4 H4B 109.5 . . ?  
H4A C4 H4B 109.5 . . ?  
Sb2 C4 H4C 109.5 . . ?  
H4A C4 H4C 109.5 . . ?  
H4B C4 H4C 109.5 . . ?  
O1 C5 Fe1 177.8(5) . . ?  
C7 C6 C10 108.6(5) . . ?  
C7 C6 Fe1 69.8(3) . . ?  
C10 C6 Fe1 70.6(3) . . ?  
C7 C6 H6 125.7 . . ?  
C10 C6 H6 125.7 . . ?  
Fe1 C6 H6 125.5 . . ?  
C6 C7 C8 108.3(5) . . ?  
C6 C7 Fe1 70.9(3) . . ?  
C8 C7 Fe1 70.7(3) . . ?  
C6 C7 H7 125.8 . . ?  
C8 C7 H7 125.8 . . ?  
Fe1 C7 H7 124.2 . . ?  
C9 C8 C7 106.9(5) . . ?  
C9 C8 Fe1 70.6(3) . . ?  
C7 C8 Fe1 69.5(3) . . ?  
C9 C8 H8 126.6 . . ?  
C7 C8 H8 126.6 . . ?  
Fe1 C8 H8 124.9 . . ?  
C10 C9 C8 108.7(5) . . ?  
C10 C9 Fe1 70.2(3) . . ?  
C8 C9 Fe1 69.9(3) . . ?  
C10 C9 H9 125.7 . . ?  
C8 C9 H9 125.7 . . ?  
Fe1 C9 H9 125.8 . . ?  
C6 C10 C9 107.5(5) . . ?  
C6 C10 Fe1 70.2(3) . . ?  
C9 C10 Fe1 70.6(3) . . ?  
C6 C10 H10 126.2 . . ?  
C9 C10 H10 126.2 . . ?  
Fe1 C10 H10 124.6 . . ?  
  
_diffrn_measured_fraction_theta_max    0.991  
_diffrn_reflns_theta_full              26.00  
_diffrn_measured_fraction_theta_full   0.991  
_refine_diff_density_max    0.908  
_refine_diff_density_min   -1.074  










_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '2010-07-15' 
_audit_author_name              'Webster, M.' 








# cation: [{o-C6H4(SbMe3)(CH2)}2S]2+ = [C20H30SSb2]2+ 
# [thiobis(methylene-2,1-phenylene)]bis(trimethylstibonium)  (iLab defaults) 
# [sulfanediylbis(methanediylbenzene-2,1-diyl)]bis(trimethylstibonium)  
# (iLab selected options) 
 
 
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C20 H30 S Sb2 2+, 2(I 1-)'   
_chemical_formula_sum            'C20 H30 I2 S Sb2'  
_chemical_formula_weight          799.80  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'S'  'S'   0.1246   0.1234  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'I'  'I'  -0.4742   1.8119  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            monoclinic  
_symmetry_space_group_name_H-M    'P 21/n' 
_space_group_IT_number             14          




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x+1/2, y+1/2, -z+1/2'  
 '-x, -y, -z'  348 
 
 'x-1/2, -y-1/2, z-1/2'  
  
_cell_length_a                    12.047(2)  
_cell_length_b                    8.0567(15)  
_cell_length_c                    26.471(5)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  100.379(7)  
_cell_angle_gamma                 90.00  
_cell_volume                      2527.1(8)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     120(2)  
_cell_measurement_reflns_used     27015  
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48 
  
_exptl_crystal_description        Plate  
_exptl_crystal_colour             Colourless  
_exptl_crystal_size_max           0.05  
_exptl_crystal_size_mid           0.04  
_exptl_crystal_size_min           0.01  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.102  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1496  
_exptl_absorpt_coefficient_mu     4.666  
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.8123 # 0.8002 shelxl value  
_exptl_absorpt_correction_T_max   1.0000 # 0.9770  





 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'Bruker-Nonius FR591 rotating anode'  
_diffrn_radiation_monochromator   '10cm confocal mirrors' 
_diffrn_measurement_device_type   
                       'Bruker-Nonius 95mm CCD camera on \k-goniostat'  
_diffrn_measurement_method        '\f & \w scans' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0 
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             21722  
_diffrn_reflns_av_R_equivalents   0.0357  
_diffrn_reflns_av_sigmaI/netI     0.0389  
_diffrn_reflns_limit_h_min        -15  
_diffrn_reflns_limit_h_max        15     
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_diffrn_reflns_limit_k_min        -10  
_diffrn_reflns_limit_k_max        10  
_diffrn_reflns_limit_l_min        -30  
_diffrn_reflns_limit_l_max        34  
_diffrn_reflns_theta_min          2.97  
_diffrn_reflns_theta_max          27.51  
_reflns_number_total              5737  
_reflns_number_gt                 4757  
_reflns_threshold_expression      I>2sigma(I)  
 
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'DIRDIF-99 (Beurskens, 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0000P)^2^+20.2930P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          5737  
_refine_ls_number_parameters      232  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0554  
_refine_ls_R_factor_gt            0.0428  
_refine_ls_wR_factor_ref          0.0901  
_refine_ls_wR_factor_gt           0.0835  
_refine_ls_goodness_of_fit_ref    1.110  
_refine_ls_restrained_S_all       1.110  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  350 
 
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
I1 I 0.02352(4) 0.99541(5) 0.191955(15) 0.03341(11) Uani 1 1 d . . .  
I2 I 0.75201(3) 0.97857(5) 0.555828(14) 0.02675(10) Uani 1 1 d . . .  
Sb1 Sb 0.35792(3) 0.02122(5) 0.143295(15) 0.02506(10) Uani 1 1 d . . .  
Sb2 Sb 0.55182(3) 0.01788(5) 0.389254(14) 0.02445(10) Uani 1 1 d . . .  
S1 S 0.61908(13) 0.03604(19) 0.23066(6) 0.0280(3) Uani 1 1 d . . .  
C1 C 0.3516(6) -0.1967(8) 0.1858(2) 0.0321(14) Uani 1 1 d . . .  
H1A H 0.2858 -0.1931 0.2028 0.048 Uiso 1 1 calc R . .  
H1B H 0.4204 -0.2062 0.2117 0.048 Uiso 1 1 calc R . .  
H1C H 0.3455 -0.2927 0.1627 0.048 Uiso 1 1 calc R . .  
C2 C 0.3311(5) 0.2307(7) 0.1869(2) 0.0275(13) Uani 1 1 d . . .  
H2A H 0.2706 0.2072 0.2062 0.041 Uiso 1 1 calc R . .  
H2B H 0.3094 0.3253 0.1640 0.041 Uiso 1 1 calc R . .  
H2C H 0.4007 0.2573 0.2109 0.041 Uiso 1 1 calc R . .  
C3 C 0.2214(5) 0.0102(8) 0.0815(3) 0.0335(14) Uani 1 1 d . . .  
H3A H 0.2306 -0.0858 0.0599 0.050 Uiso 1 1 calc R . .  
H3B H 0.2192 0.1120 0.0611 0.050 Uiso 1 1 calc R . .  
H3C H 0.1509 -0.0009 0.0947 0.050 Uiso 1 1 calc R . .  
C4 C 0.5003(5) 0.0552(7) 0.1075(2) 0.0274(13) Uani 1 1 d . . .  
C5 C 0.4767(6) 0.1393(8) 0.0608(3) 0.0347(15) Uani 1 1 d . . .  
H5 H 0.4015 0.1718 0.0470 0.042 Uiso 1 1 calc R . .  
C6 C 0.5638(7) 0.1754(9) 0.0345(3) 0.0431(17) Uani 1 1 d . . .  
H6 H 0.5479 0.2328 0.0026 0.052 Uiso 1 1 calc R . .  
C7 C 0.6703(6) 0.1297(10) 0.0537(3) 0.0442(18) Uani 1 1 d . . .  
H7 H 0.7291 0.1560 0.0354 0.053 Uiso 1 1 calc R . .  
C8 C 0.6949(6) 0.0449(9) 0.0997(3) 0.0394(16) Uani 1 1 d . . .  
H8 H 0.7706 0.0131 0.1127 0.047 Uiso 1 1 calc R . .  
C9 C 0.6099(5) 0.0052(8) 0.1275(2) 0.0295(13) Uani 1 1 d . . .  
C10 C 0.6413(6) -0.0897(9) 0.1764(3) 0.0394(16) Uani 1 1 d . . .  
H10A H 0.7216 -0.1230 0.1810 0.047 Uiso 1 1 calc R . .  
H10B H 0.5950 -0.1917 0.1748 0.047 Uiso 1 1 calc R . .  
C11 C 0.6564(5) -0.1170(8) 0.2824(2) 0.0302(14) Uani 1 1 d . . .  
H11A H 0.5875 -0.1492 0.2955 0.036 Uiso 1 1 calc R . .  
H11B H 0.6871 -0.2177 0.2685 0.036 Uiso 1 1 calc R . .  
C12 C 0.7425(5) -0.0493(7) 0.3261(2) 0.0258(12) Uani 1 1 d . . .  
C13 C 0.8560(5) -0.0522(7) 0.3203(2) 0.0284(13) Uani 1 1 d . . .  
H13 H 0.8755 -0.0896 0.2890 0.034 Uiso 1 1 calc R . .  
C14 C 0.9389(5) -0.0013(8) 0.3598(3) 0.0330(14) Uani 1 1 d . . .  
H14 H 1.0157 -0.0086 0.3561 0.040 Uiso 1 1 calc R . .  
C15 C 0.9126(5) 0.0601(9) 0.4044(3) 0.0353(15) Uani 1 1 d . . .  
H15 H 0.9708 0.0951 0.4315 0.042 Uiso 1 1 calc R . .  
C16 C 0.8002(6) 0.0708(9) 0.4100(2) 0.0372(15) Uani 1 1 d . . .  
H16 H 0.7815 0.1160 0.4405 0.045 Uiso 1 1 calc R . .     
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C17 C 0.7146(5) 0.0152(7) 0.3706(2) 0.0270(12) Uani 1 1 d . . .  
C18 C 0.5368(5) -0.1980(8) 0.4318(2) 0.0284(13) Uani 1 1 d . . .  
H18A H 0.4631 -0.1990 0.4425 0.043 Uiso 1 1 calc R . .  
H18B H 0.5968 -0.2001 0.4622 0.043 Uiso 1 1 calc R . .  
H18C H 0.5435 -0.2957 0.4105 0.043 Uiso 1 1 calc R . .  
C19 C 0.5481(6) 0.2254(8) 0.4366(2) 0.0309(14) Uani 1 1 d . . .  
H19A H 0.5650 0.3255 0.4183 0.046 Uiso 1 1 calc R . .  
H19B H 0.6046 0.2122 0.4679 0.046 Uiso 1 1 calc R . .  
H19C H 0.4730 0.2357 0.4456 0.046 Uiso 1 1 calc R . .  
C20 C 0.4199(5) 0.0215(8) 0.3262(2) 0.0291(13) Uani 1 1 d . . .  
H20A H 0.4093 -0.0900 0.3114 0.044 Uiso 1 1 calc R . .  
H20B H 0.4381 0.0990 0.3003 0.044 Uiso 1 1 calc R . .  
H20C H 0.3503 0.0573 0.3373 0.044 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
I1 0.0410(2) 0.0340(2) 0.0261(2) 0.00223(17) 0.00821(17) 0.00976(18)  
I2 0.02339(19) 0.0315(2) 0.02454(19) -0.00083(16) 0.00221(14) -0.00011(15)  
Sb1 0.0289(2) 0.0248(2) 0.02237(19) -0.00144(16) 0.00683(15) -0.00048(16)  
Sb2 0.02072(19) 0.0318(2) 0.02138(19) -0.00002(16) 0.00541(14) -0.00054(15)  
S1 0.0299(8) 0.0280(8) 0.0257(7) -0.0025(6) 0.0038(6) -0.0014(6)  
C1 0.033(4) 0.032(3) 0.031(3) 0.000(3) 0.002(3) -0.006(3)  
C2 0.030(3) 0.025(3) 0.027(3) -0.004(2) 0.005(3) 0.003(2)  
C3 0.028(3) 0.039(4) 0.033(3) 0.002(3) 0.006(3) 0.001(3)  
C4 0.030(3) 0.027(3) 0.026(3) -0.008(2) 0.008(2) -0.003(2)  
C5 0.034(4) 0.037(4) 0.033(4) 0.004(3) 0.005(3) -0.001(3)  
C6 0.055(5) 0.043(4) 0.033(4) 0.010(3) 0.012(3) -0.003(3)  
C7 0.041(4) 0.051(4) 0.044(4) -0.004(4) 0.017(3) -0.013(3)  
C8 0.031(4) 0.044(4) 0.045(4) -0.008(3) 0.015(3) 0.000(3)  
C9 0.035(3) 0.028(3) 0.025(3) -0.005(3) 0.006(3) 0.003(3)  
C10 0.045(4) 0.041(4) 0.032(4) -0.008(3) 0.008(3) 0.016(3)  
C11 0.035(3) 0.026(3) 0.032(3) 0.001(3) 0.012(3) 0.000(3)  
C12 0.028(3) 0.022(3) 0.027(3) 0.008(2) 0.004(2) -0.003(2)  
C13 0.029(3) 0.026(3) 0.030(3) 0.006(3) 0.005(3) 0.003(2)  
C14 0.029(3) 0.031(3) 0.041(4) 0.009(3) 0.010(3) 0.001(3)  
C15 0.023(3) 0.048(4) 0.033(3) 0.008(3) -0.001(3) 0.000(3)  
C16 0.033(4) 0.054(4) 0.024(3) 0.003(3) 0.004(3) 0.005(3)  
C17 0.021(3) 0.030(3) 0.031(3) 0.002(3) 0.006(2) -0.003(2)  
C18 0.023(3) 0.036(3) 0.027(3) 0.001(3) 0.007(2) -0.004(2)  
C19 0.032(3) 0.035(3) 0.027(3) 0.004(3) 0.006(3) 0.000(3)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  352 
 
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Sb1 C1 2.094(6) . ?  
Sb1 C3 2.102(6) . ?  
Sb1 C2 2.103(6) . ?  
Sb1 C4 2.122(6) . ?  
Sb2 C20 2.087(6) . ?  
Sb2 C19 2.094(6) . ?  
Sb2 C18 2.097(6) . ?  
Sb2 C17 2.106(6) . ?  
S1 C10 1.816(6) . ?  
S1 C11 1.837(6) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
C3 H3A 0.9800 . ?  
C3 H3B 0.9800 . ?  
C3 H3C 0.9800 . ?  
C4 C9 1.391(9) . ?  
C4 C5 1.392(9) . ?  
C5 C6 1.392(9) . ?  
C5 H5 0.9500 . ?  
C6 C7 1.342(11) . ?  
C6 H6 0.9500 . ?  
C7 C8 1.381(10) . ?  
C7 H7 0.9500 . ?  
C8 C9 1.402(9) . ?  
C8 H8 0.9500 . ?  
C9 C10 1.493(9) . ?  
C10 H10A 0.9900 . ?  
C10 H10B 0.9900 . ?  
C11 C12 1.510(9) . ?  
C11 H11A 0.9900 . ?  
C11 H11B 0.9900 . ?  
C12 C17 1.383(8) . ?  
C12 C13 1.403(8) . ?  
C13 C14 1.370(9) . ?  
C13 H13 0.9500 . ?  
C14 C15 1.370(9) . ?  
C14 H14 0.9500 . ?  
C15 C16 1.390(9) . ?  
C15 H15 0.9500 . ?  
C16 C17 1.402(9) . ?     
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C16 H16 0.9500 . ?  
C18 H18A 0.9800 . ?  
C18 H18B 0.9800 . ?  
C18 H18C 0.9800 . ?  
C19 H19A 0.9800 . ?  
C19 H19B 0.9800 . ?  
C19 H19C 0.9800 . ?  
C20 H20A 0.9800 . ?  
C20 H20B 0.9800 . ?  
C20 H20C 0.9800 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 Sb1 C3 106.5(3) . . ?  
C1 Sb1 C2 110.7(2) . . ?  
C3 Sb1 C2 106.6(2) . . ?  
C1 Sb1 C4 117.3(3) . . ?  
C3 Sb1 C4 103.8(2) . . ?  
C2 Sb1 C4 111.0(2) . . ?  
C20 Sb2 C19 111.8(3) . . ?  
C20 Sb2 C18 108.3(2) . . ?  
C19 Sb2 C18 109.2(2) . . ?  
C20 Sb2 C17 114.8(2) . . ?  
C19 Sb2 C17 105.6(2) . . ?  
C18 Sb2 C17 106.9(2) . . ?  
C10 S1 C11 99.4(3) . . ?  
Sb1 C1 H1A 109.5 . . ?  
Sb1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Sb1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
Sb1 C2 H2A 109.5 . . ?  
Sb1 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
Sb1 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  
Sb1 C3 H3A 109.5 . . ?  
Sb1 C3 H3B 109.5 . . ?  
H3A C3 H3B 109.5 . . ?  
Sb1 C3 H3C 109.5 . . ?  
H3A C3 H3C 109.5 . . ?  
H3B C3 H3C 109.5 . . ?  
C9 C4 C5 120.5(6) . . ?  
C9 C4 Sb1 125.5(5) . . ?  
C5 C4 Sb1 114.0(5) . . ?  
C6 C5 C4 119.6(6) . . ?  354 
 
C6 C5 H5 120.2 . . ?  
C4 C5 H5 120.2 . . ?  
C7 C6 C5 120.5(7) . . ?  
C7 C6 H6 119.7 . . ?  
C5 C6 H6 119.7 . . ?  
C6 C7 C8 120.5(7) . . ?  
C6 C7 H7 119.7 . . ?  
C8 C7 H7 119.7 . . ?  
C7 C8 C9 121.0(7) . . ?  
C7 C8 H8 119.5 . . ?  
C9 C8 H8 119.5 . . ?  
C4 C9 C8 117.8(6) . . ?  
C4 C9 C10 123.6(6) . . ?  
C8 C9 C10 118.5(6) . . ?  
C9 C10 S1 110.5(4) . . ?  
C9 C10 H10A 109.6 . . ?  
S1 C10 H10A 109.6 . . ?  
C9 C10 H10B 109.6 . . ?  
S1 C10 H10B 109.6 . . ?  
H10A C10 H10B 108.1 . . ?  
C12 C11 S1 111.8(4) . . ?  
C12 C11 H11A 109.3 . . ?  
S1 C11 H11A 109.3 . . ?  
C12 C11 H11B 109.3 . . ?  
S1 C11 H11B 109.3 . . ?  
H11A C11 H11B 107.9 . . ?  
C17 C12 C13 119.4(6) . . ?  
C17 C12 C11 123.3(5) . . ?  
C13 C12 C11 117.3(5) . . ?  
C14 C13 C12 120.1(6) . . ?  
C14 C13 H13 119.9 . . ?  
C12 C13 H13 119.9 . . ?  
C15 C14 C13 121.0(6) . . ?  
C15 C14 H14 119.5 . . ?  
C13 C14 H14 119.5 . . ?  
C14 C15 C16 119.6(6) . . ?  
C14 C15 H15 120.2 . . ?  
C16 C15 H15 120.2 . . ?  
C15 C16 C17 120.1(6) . . ?  
C15 C16 H16 119.9 . . ?  
C17 C16 H16 119.9 . . ?  
C12 C17 C16 119.6(5) . . ?  
C12 C17 Sb2 125.7(4) . . ?  
C16 C17 Sb2 114.5(4) . . ?  
Sb2 C18 H18A 109.5 . . ?  
Sb2 C18 H18B 109.5 . . ?  
H18A C18 H18B 109.5 . . ?  
Sb2 C18 H18C 109.5 . . ?  
H18A C18 H18C 109.5 . . ?  
H18B C18 H18C 109.5 . . ?  
Sb2 C19 H19A 109.5 . . ?  
Sb2 C19 H19B 109.5 . . ?  
H19A C19 H19B 109.5 . . ?  
Sb2 C19 H19C 109.5 . . ?     
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H19A C19 H19C 109.5 . . ?  
H19B C19 H19C 109.5 . . ?  
Sb2 C20 H20A 109.5 . . ?  
Sb2 C20 H20B 109.5 . . ?  
H20A C20 H20B 109.5 . . ?  
Sb2 C20 H20C 109.5 . . ?  
H20A C20 H20C 109.5 . . ?  
H20B C20 H20C 109.5 . . ?  
 
loop_ 
_geom_contact_atom_site_label_1   
_geom_contact_atom_site_label_2   
_geom_contact_distance            
_geom_contact_site_symmetry_1     
_geom_contact_site_symmetry_2     
_geom_contact_publ_flag  
S1  Sb1  3.555(2) . . ? 
S1  Sb2  4.419(2) . . ? 
 
_diffrn_measured_fraction_theta_max    0.986  
_diffrn_reflns_theta_full              27.51  
_diffrn_measured_fraction_theta_full   0.986  
_refine_diff_density_max    1.461  
_refine_diff_density_min   -0.807  








_audit_creation_method          'SHELXL-97 + hand edit' 





_chemical_name_common             ? 
_chemical_melting_point           ? 
_chemical_formula_moiety          'C23 H25 P' 
_chemical_formula_sum 
 'C23 H25 P' 








 'C'  'C'   0.0033   0.0016 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'H'  'H'   0.0000   0.0000 356 
 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'P'  'P'   0.1023   0.0942 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
  
_symmetry_cell_setting            Orthorhombic 
_symmetry_space_group_name_H-M    'P212121' 
_space_group_name_Hall      'P 2ac 2ab ' 




 'x, y, z' 
 '-x+1/2, -y, z+1/2' 
 '-x, y+1/2, -z+1/2' 
 'x+1/2, -y+1/2, -z' 
  
_cell_length_a                    5.6612(10) 
_cell_length_b                    16.340(2) 
_cell_length_c                    20.567(3) 
_cell_angle_alpha                 90.00 
_cell_angle_beta                  90.00 
_cell_angle_gamma                 90.00 
_cell_volume                      1902.5(5) 
_cell_formula_units_Z             4 
_cell_measurement_temperature     120(2) 
_cell_measurement_reflns_used     16225 
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48 
  
_exptl_crystal_description        block 
_exptl_crystal_colour             colourless 
_exptl_crystal_size_max           0.08 
_exptl_crystal_size_mid           0.05 
_exptl_crystal_size_min           0.03 
_exptl_crystal_density_meas       ? 
_exptl_crystal_density_diffrn     1.160 
_exptl_crystal_density_method     'not measured' 
_exptl_crystal_F_000              712 
_exptl_absorpt_coefficient_mu     0.145 
_exptl_absorpt_correction_type    'multi-scan' 
_exptl_absorpt_correction_T_min   0.778458 
_exptl_absorpt_correction_T_max   1.000000 







_diffrn_ambient_temperature       120(2) 
_diffrn_radiation_wavelength      0.71073 
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source          'Bruker-Nonius FR591 rotating anode' 
_diffrn_radiation_monochromator   '10cm confocal mirrors'    
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_diffrn_measurement_device_type   'Bruker-Nonius APEX II CCD camera on \k-goniostat' 
_diffrn_measurement_method        '\f & \w scans' 
_diffrn_detector_area_resol_mean  '4096x4096pixels / 62x62mm'  
_diffrn_standards_number          ? 
_diffrn_standards_interval_count  ? 
_diffrn_standards_interval_time   ? 
_diffrn_standards_decay_%         ? 
_diffrn_reflns_number             18204 
_diffrn_reflns_av_R_equivalents   0.0939 
_diffrn_reflns_av_sigmaI/netI     0.0905 
_diffrn_reflns_limit_h_min        -7 
_diffrn_reflns_limit_h_max        7 
_diffrn_reflns_limit_k_min        -18 
_diffrn_reflns_limit_k_max        21 
_diffrn_reflns_limit_l_min        -25 
_diffrn_reflns_limit_l_max        26 
_diffrn_reflns_theta_min          3.18 
_diffrn_reflns_theta_max          27.48 
_reflns_number_total              4316 
_reflns_number_gt                 3196 
_reflns_threshold_expression      I>2\s(I) 
  
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement       'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction        'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'DIRDIF-99 (Beurskens, 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)' 
_computing_molecular_graphics     'ORTEP III (Ferrugia 1997)' 




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and 
 goodness of fit S are based on F^2^, conventional R-factors R are based 
 on F, with F set to zero for negative F^2^. The threshold expression of 
 F^2^ > 2\s(F^2^) is used only for calculating R-factors(gt) etc. and is 
 not relevant to the choice of reflections for refinement.  R-factors based 
 on F^2^ are statistically about twice as large as those based on F, and R- 
 factors based on ALL data will be even larger. 
; 
  
_refine_ls_structure_factor_coef  Fsqd 
_refine_ls_matrix_type            full 
_refine_ls_weighting_scheme       calc 
_refine_ls_weighting_details 
 'calc w=1/[\s^2^(Fo^2^)+(0.0000P)^2^+3.2341P] where P=(Fo^2^+2Fc^2^)/3' 
_atom_sites_solution_primary      direct 
_atom_sites_solution_secondary    difmap 
_atom_sites_solution_hydrogens    geom 
_refine_ls_hydrogen_treatment     constr 
_refine_ls_extinction_method      none 
_refine_ls_extinction_coef        ? 
_refine_ls_abs_structure_details 
 'Flack H D (1983), Acta Cryst. A39, 876-881' 358 
 
_refine_ls_abs_structure_Flack    0.29(18) 
_refine_ls_number_reflns          4316 
_refine_ls_number_parameters      218 
_refine_ls_number_restraints      0 
_refine_ls_R_factor_all           0.1098 
_refine_ls_R_factor_gt            0.0730 
_refine_ls_wR_factor_ref          0.1496 
_refine_ls_wR_factor_gt           0.1321 
_refine_ls_goodness_of_fit_ref    1.047 
_refine_ls_restrained_S_all       1.047 
_refine_ls_shift/su_max           0.001 
















C1 C 0.5167(10) 0.7745(3) 0.9080(3) 0.0607(15) Uani 1 1 d . . . 
H1A H 0.5346 0.7960 0.9522 0.091 Uiso 1 1 calc R . . 
H1B H 0.6617 0.7847 0.8833 0.091 Uiso 1 1 calc R . . 
H1C H 0.4866 0.7155 0.9099 0.091 Uiso 1 1 calc R . . 
P1 P -0.04139(18) 1.09939(6) 0.78167(5) 0.0265(2) Uani 1 1 d . . . 
C19 C -0.0621(7) 1.1024(2) 0.64862(16) 0.0292(8) Uani 1 1 d . . . 
H19 H -0.2107 1.1273 0.6569 0.035 Uiso 1 1 calc R . . 
C18 C 0.0824(7) 1.0804(2) 0.70031(16) 0.0249(8) Uani 1 1 d . . . 
C11 C 0.2650(7) 1.1331(2) 0.93733(18) 0.0265(8) Uani 1 1 d . . . 
H11 H 0.4096 1.1475 0.9169 0.032 Uiso 1 1 calc R . . 
C12 C 0.0461(7) 1.2071(2) 0.79309(16) 0.0237(8) Uani 1 1 d . . . 
C7 C -0.0997(7) 1.0605(2) 0.93740(18) 0.0285(9) Uani 1 1 d . . . 
H7 H -0.2077 1.0243 0.9168 0.034 Uiso 1 1 calc R . . 
C6 C 0.1123(6) 1.0801(2) 0.90641(17) 0.0232(8) Uani 1 1 d . . . 
C14 C -0.0474(9) 1.3388(3) 0.83889(19) 0.0379(10) Uani 1 1 d . . . 
H14 H -0.1511 1.3726 0.8634 0.046 Uiso 1 1 calc R . . 
C3 C 0.3424(7) 0.9102(2) 0.87121(19) 0.0330(9) Uani 1 1 d . . . 
H3A H 0.3485 0.9323 0.9160 0.040 Uiso 1 1 calc R . . 
H3B H 0.4956 0.9222 0.8501 0.040 Uiso 1 1 calc R . . 
C4 C 0.1472(7) 0.9534(2) 0.83403(18) 0.0305(9) Uani 1 1 d . . . 
H4A H -0.0078 0.9360 0.8515 0.037 Uiso 1 1 calc R . . 
H4B H 0.1542 0.9369 0.7878 0.037 Uiso 1 1 calc R . . 
C8 C -0.1550(7) 1.0931(3) 0.99773(18) 0.0329(9) Uani 1 1 d . . . 
H8 H -0.3001 1.0793 1.0182 0.039 Uiso 1 1 calc R . . 
C23 C 0.2993(7) 1.0443(2) 0.68700(18) 0.0279(8) Uani 1 1 d . . . 
H23 H 0.4013 1.0295 0.7217 0.033 Uiso 1 1 calc R . . 
C5 C 0.1669(7) 1.0480(2) 0.83864(17) 0.0252(8) Uani 1 1 d . . .    
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H5 H 0.3317 1.0644 0.8269 0.030 Uiso 1 1 calc R . . 
C10 C 0.2104(8) 1.1658(2) 0.99816(19) 0.0306(9) Uani 1 1 d . . . 
H10 H 0.3180 1.2020 1.0188 0.037 Uiso 1 1 calc R . . 
C20 C 0.0090(8) 1.0882(2) 0.58478(17) 0.0362(10) Uani 1 1 d . . . 
H20 H -0.0904 1.1045 0.5499 0.043 Uiso 1 1 calc R . . 
C21 C 0.2217(8) 1.0510(2) 0.57171(19) 0.0325(9) Uani 1 1 d . . . 
H21 H 0.2675 1.0401 0.5281 0.039 Uiso 1 1 calc R . . 
C9 C 0.0018(8) 1.1459(2) 1.02825(18) 0.0323(10) Uani 1 1 d . . . 
H9 H -0.0351 1.1681 1.0697 0.039 Uiso 1 1 calc R . . 
C17 C 0.2551(8) 1.2392(2) 0.76937(19) 0.0314(9) Uani 1 1 d . . . 
H17 H 0.3616 1.2050 0.7462 0.038 Uiso 1 1 calc R . . 
C13 C -0.1041(8) 1.2575(3) 0.82829(19) 0.0360(10) Uani 1 1 d . . . 
H13 H -0.2473 1.2360 0.8453 0.043 Uiso 1 1 calc R . . 
C22 C 0.3681(7) 1.0295(2) 0.62289(18) 0.0305(9) Uani 1 1 d . . . 
H22 H 0.5164 1.0045 0.6143 0.037 Uiso 1 1 calc R . . 
C15 C 0.1602(8) 1.3713(2) 0.81397(19) 0.0347(10) Uani 1 1 d . . . 
H15 H 0.1986 1.4272 0.8207 0.042 Uiso 1 1 calc R . . 
C2 C 0.3089(9) 0.8173(2) 0.8745(2) 0.0401(11) Uani 1 1 d . . . 
H2A H 0.1618 0.8049 0.8986 0.048 Uiso 1 1 calc R . . 
H2B H 0.2917 0.7954 0.8299 0.048 Uiso 1 1 calc R . . 
C16 C 0.3099(8) 1.3209(2) 0.7793(2) 0.0378(10) Uani 1 1 d . . . 










C1 0.078(4) 0.034(2) 0.069(3) -0.003(2) -0.026(3) 0.011(3) 
P1 0.0275(5) 0.0277(5) 0.0244(4) -0.0003(4) -0.0022(5) 0.0016(4) 
C19 0.031(2) 0.0249(19) 0.0316(19) -0.0022(16) -0.0038(17) 0.0007(19) 
C18 0.031(2) 0.0202(18) 0.0239(18) 0.0000(13) -0.0040(16) -0.0036(15) 
C11 0.027(2) 0.0230(18) 0.0293(19) 0.0005(15) -0.0016(17) -0.0021(17) 
C12 0.0266(19) 0.0251(17) 0.0195(17) 0.0037(13) -0.0011(16) 0.0051(16) 
C7 0.029(2) 0.027(2) 0.0298(19) 0.0038(16) -0.0030(17) -0.0008(17) 
C6 0.026(2) 0.0220(19) 0.0215(17) 0.0025(14) -0.0059(15) 0.0054(15) 
C14 0.048(3) 0.035(2) 0.030(2) -0.0053(17) 0.003(2) 0.018(2) 
C3 0.039(2) 0.027(2) 0.033(2) -0.0054(17) -0.0032(18) -0.0009(19) 
C4 0.039(2) 0.026(2) 0.0276(19) 0.0012(16) -0.0026(18) -0.0002(18) 
C8 0.031(2) 0.038(2) 0.0304(19) 0.0071(19) 0.0034(17) 0.001(2) 
C23 0.031(2) 0.0240(19) 0.0288(19) -0.0004(16) -0.0073(18) 0.0017(17) 
C5 0.026(2) 0.0257(19) 0.0241(18) 0.0017(15) -0.0027(16) -0.0016(17) 
C10 0.041(3) 0.0217(19) 0.029(2) -0.0004(15) -0.0023(19) -0.0012(18) 
C20 0.048(3) 0.037(2) 0.0236(17) 0.0013(17) -0.0106(18) -0.006(2) 
C21 0.042(3) 0.028(2) 0.028(2) -0.0023(16) 0.0009(19) -0.0011(19) 
C9 0.044(3) 0.028(2) 0.0253(19) 0.0052(15) 0.0020(19) 0.0074(19) 
C17 0.031(2) 0.028(2) 0.035(2) -0.0068(16) 0.0044(18) 0.0060(17) 
C13 0.042(3) 0.038(2) 0.028(2) 0.0033(17) 0.0036(19) 0.0103(19) 
C22 0.033(2) 0.026(2) 0.033(2) -0.0020(16) 0.0007(18) -0.0036(17) 
C15 0.048(3) 0.0234(19) 0.033(2) -0.0019(17) -0.011(2) 0.0075(18) 
C2 0.047(3) 0.029(2) 0.044(2) 0.0008(19) -0.006(2) 0.004(2) 360 
 




 All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) 
 are estimated using the full covariance matrix.  The cell s.u.'s are taken 
 into account individually in the estimation of s.u.'s in distances, angles 
 and torsion angles; correlations between s.u.'s in cell parameters are only 
 used when they are defined by crystal symmetry.  An approximate (isotropic) 









C1 C2 1.531(6) . ? 
C1 H1A 0.9800 . ? 
C1 H1B 0.9800 . ? 
C1 H1C 0.9800 . ? 
P1 C18 1.841(4) . ? 
P1 C12 1.844(4) . ? 
P1 C5 1.862(4) . ? 
C19 C18 1.389(5) . ? 
C19 C20 1.393(5) . ? 
C19 H19 0.9500 . ? 
C18 C23 1.390(5) . ? 
C11 C6 1.379(5) . ? 
C11 C10 1.395(5) . ? 
C11 H11 0.9500 . ? 
C12 C17 1.383(6) . ? 
C12 C13 1.387(5) . ? 
C7 C8 1.386(5) . ? 
C7 C6 1.396(5) . ? 
C7 H7 0.9500 . ? 
C6 C5 1.521(5) . ? 
C14 C13 1.384(6) . ? 
C14 C15 1.387(6) . ? 
C14 H14 0.9500 . ? 
C3 C4 1.518(5) . ? 
C3 C2 1.532(6) . ? 
C3 H3A 0.9900 . ? 
C3 H3B 0.9900 . ? 
C4 C5 1.552(5) . ? 
C4 H4A 0.9900 . ? 
C4 H4B 0.9900 . ? 
C8 C9 1.388(6) . ? 
C8 H8 0.9500 . ? 
C23 C22 1.396(5) . ? 
C23 H23 0.9500 . ? 
C5 H5 1.0000 . ? 
C10 C9 1.372(6) . ?    
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C10 H10 0.9500 . ? 
C20 C21 1.376(6) . ? 
C20 H20 0.9500 . ? 
C21 C22 1.385(6) . ? 
C21 H21 0.9500 . ? 
C9 H9 0.9500 . ? 
C17 C16 1.387(5) . ? 
C17 H17 0.9500 . ? 
C13 H13 0.9500 . ? 
C22 H22 0.9500 . ? 
C15 C16 1.379(6) . ? 
C15 H15 0.9500 . ? 
C2 H2A 0.9900 . ? 
C2 H2B 0.9900 . ? 










C2 C1 H1A 109.5 . . ? 
C2 C1 H1B 109.5 . . ? 
H1A C1 H1B 109.5 . . ? 
C2 C1 H1C 109.5 . . ? 
H1A C1 H1C 109.5 . . ? 
H1B C1 H1C 109.5 . . ? 
C18 P1 C12 100.03(16) . . ? 
C18 P1 C5 104.77(17) . . ? 
C12 P1 C5 100.39(17) . . ? 
C18 C19 C20 120.6(4) . . ? 
C18 C19 H19 119.7 . . ? 
C20 C19 H19 119.7 . . ? 
C19 C18 C23 118.7(3) . . ? 
C19 C18 P1 115.3(3) . . ? 
C23 C18 P1 126.0(3) . . ? 
C6 C11 C10 121.0(4) . . ? 
C6 C11 H11 119.5 . . ? 
C10 C11 H11 119.5 . . ? 
C17 C12 C13 119.0(4) . . ? 
C17 C12 P1 123.1(3) . . ? 
C13 C12 P1 117.9(3) . . ? 
C8 C7 C6 121.0(4) . . ? 
C8 C7 H7 119.5 . . ? 
C6 C7 H7 119.5 . . ? 
C11 C6 C7 118.2(3) . . ? 
C11 C6 C5 120.8(3) . . ? 
C7 C6 C5 121.0(3) . . ? 
C13 C14 C15 120.3(4) . . ? 
C13 C14 H14 119.8 . . ? 
C15 C14 H14 119.8 . . ? 362 
 
C4 C3 C2 113.2(3) . . ? 
C4 C3 H3A 108.9 . . ? 
C2 C3 H3A 108.9 . . ? 
C4 C3 H3B 108.9 . . ? 
C2 C3 H3B 108.9 . . ? 
H3A C3 H3B 107.8 . . ? 
C3 C4 C5 112.3(3) . . ? 
C3 C4 H4A 109.1 . . ? 
C5 C4 H4A 109.1 . . ? 
C3 C4 H4B 109.1 . . ? 
C5 C4 H4B 109.1 . . ? 
H4A C4 H4B 107.9 . . ? 
C7 C8 C9 120.0(4) . . ? 
C7 C8 H8 120.0 . . ? 
C9 C8 H8 120.0 . . ? 
C18 C23 C22 120.4(4) . . ? 
C18 C23 H23 119.8 . . ? 
C22 C23 H23 119.8 . . ? 
C6 C5 C4 112.6(3) . . ? 
C6 C5 P1 107.0(2) . . ? 
C4 C5 P1 111.4(3) . . ? 
C6 C5 H5 108.6 . . ? 
C4 C5 H5 108.6 . . ? 
P1 C5 H5 108.6 . . ? 
C9 C10 C11 120.3(4) . . ? 
C9 C10 H10 119.9 . . ? 
C11 C10 H10 119.9 . . ? 
C21 C20 C19 120.7(4) . . ? 
C21 C20 H20 119.6 . . ? 
C19 C20 H20 119.6 . . ? 
C20 C21 C22 119.2(4) . . ? 
C20 C21 H21 120.4 . . ? 
C22 C21 H21 120.4 . . ? 
C10 C9 C8 119.6(4) . . ? 
C10 C9 H9 120.2 . . ? 
C8 C9 H9 120.2 . . ? 
C12 C17 C16 120.3(4) . . ? 
C12 C17 H17 119.9 . . ? 
C16 C17 H17 119.9 . . ? 
C14 C13 C12 120.6(4) . . ? 
C14 C13 H13 119.7 . . ? 
C12 C13 H13 119.7 . . ? 
C21 C22 C23 120.5(4) . . ? 
C21 C22 H22 119.8 . . ? 
C23 C22 H22 119.8 . . ? 
C16 C15 C14 118.9(4) . . ? 
C16 C15 H15 120.5 . . ? 
C14 C15 H15 120.5 . . ? 
C1 C2 C3 112.1(4) . . ? 
C1 C2 H2A 109.2 . . ? 
C3 C2 H2A 109.2 . . ? 
C1 C2 H2B 109.2 . . ? 
C3 C2 H2B 109.2 . . ? 
H2A C2 H2B 107.9 . . ?    
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C15 C16 C17 120.9(4) . . ? 
C15 C16 H16 119.6 . . ? 
C17 C16 H16 119.6 . . ? 
  
_diffrn_measured_fraction_theta_max    0.996 
_diffrn_reflns_theta_full              27.48 
_diffrn_measured_fraction_theta_full   0.996 
_refine_diff_density_max    0.600 
_refine_diff_density_min   -0.302 








_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '2010-09-30' 
_audit_author_name              'Benjamin, Sophie L.' 
_audit_update_record             
;   2010-12-16  Re-ordered atom list 





 Tetracarbonyl(1,5-bis(dimethylstibino)-3-oxapentane)chromium(0)  
; 
 
# Me2Sb(CH2)2O(CH2)2SbMe2 = C8H20OSb2 
# (oxydiethane-2,1-diyl)bis(dimethylstibine) (ACD iLab defaults) 
# (oxydiethane-2,1-diyl)bis(dimethylstibane) (iLab selected options) 
# 1,5-bis(dimethylstibino)-3-oxapentane      (wl suggestion, see refcode RIPNOU) 
# 1,5-bis(dimethylstibanyl)-3-oxapentane     (from above) 
  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C12 H20 Cr O5 Sb2'  
_chemical_formula_sum            'C12 H20 Cr O5 Sb2' 
_chemical_formula_structural     '((C8 H20 O Sb2) (C O)4 Cr)'   
_chemical_formula_weight          539.78  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  364 
 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cr'  'Cr'   0.3209   0.6236  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            monoclinic 
_symmetry_space_group_name_H-M    'P 2(1)/n' 
_space_group_name_Hall        '-P 2yn' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x+1/2, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x-1/2, -y-1/2, z-1/2'  
  
_cell_length_a                    7.2837(5)  
_cell_length_b                    13.933(2)  
_cell_length_c                    17.804(3)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  94.690(10)  
_cell_angle_gamma                 90.00  
_cell_volume                      1800.8(4)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     120(2)  
_cell_measurement_reflns_used     19979  
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48 
  
_exptl_crystal_description        fragment 
_exptl_crystal_colour             yellow 
_exptl_crystal_size_max           0.12  
_exptl_crystal_size_mid           0.10  
_exptl_crystal_size_min           0.03  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.991  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1032  
_exptl_absorpt_coefficient_mu     3.583  
_exptl_absorpt_correction_type    multi-scan 
_exptl_absorpt_correction_T_min   0.8040 # Exptl Tmin  
_exptl_absorpt_correction_T_max   1.0000 # and Tmax  




 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073     
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_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'Bruker-Nonius FR591 rotating anode' 
_diffrn_radiation_monochromator   '10cm confocal mirrors' 
_diffrn_measurement_device_type   'Bruker-Nonius APEX II CCD camera on \k-goniostat' 
_diffrn_measurement_method        '\f & \w scans' 
_diffrn_detector_area_resol_mean  '4096x4096pixels / 62x62mm' 
_diffrn_standards_number          0 
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             18994  
_diffrn_reflns_av_R_equivalents   0.0307  
_diffrn_reflns_av_sigmaI/netI     0.0232  
_diffrn_reflns_limit_h_min        -8  
_diffrn_reflns_limit_h_max        8  
_diffrn_reflns_limit_k_min        -17  
_diffrn_reflns_limit_k_max        16  
_diffrn_reflns_limit_l_min        -21  
_diffrn_reflns_limit_l_max        21  
_diffrn_reflns_theta_min          3.14  
_diffrn_reflns_theta_max          26.00  
_reflns_number_total              3512  
_reflns_number_gt                 3072  
_reflns_threshold_expression      I>2sigma(I)  
 
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'DIRDIF-99 (Beurskens, 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
 
Disorder of C2, C3, C4 and O1 was modelled over two positions. See RES below. 
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0763P)^2^+28.7248P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  366 
 
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          3512  
_refine_ls_number_parameters      218  
_refine_ls_number_restraints      86  
_refine_ls_R_factor_all           0.0741  
_refine_ls_R_factor_gt            0.0641  
_refine_ls_wR_factor_ref          0.1723  
_refine_ls_wR_factor_gt           0.1610  
_refine_ls_goodness_of_fit_ref    1.021  
_refine_ls_restrained_S_all       1.011  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Cr1 Cr 0.5219(2) 0.67566(11) 0.17577(8) 0.0393(4) Uani 1 1 d . . .  
Sb1 Sb 0.61989(9) 0.68929(5) 0.03893(3) 0.0410(2) Uani 1 1 d D . .  
Sb2 Sb 0.45542(11) 0.85771(5) 0.18377(5) 0.0648(3) Uani 1 1 d D . .  
O1A O 0.303(3) 0.8338(13) 0.0319(9) 0.070(4) Uani 0.50 1 d PDU A 1  
O1B O 0.4208(17) 0.8844(9) -0.0077(7) 0.046(3) Uani 0.50 1 d PDU B 2  
O2 O 0.9119(11) 0.7206(7) 0.2407(4) 0.066(2) Uani 1 1 d . . .  
O3 O 0.5984(17) 0.4648(6) 0.1719(5) 0.092(3) Uani 1 1 d . . .  
O4 O 0.1313(11) 0.6369(6) 0.1099(5) 0.064(2) Uani 1 1 d . . .  
O5 O 0.4045(17) 0.6477(9) 0.3308(5) 0.104(4) Uani 1 1 d . . .  
C1  C 0.7429(15) 0.5624(8) -0.0032(6) 0.054(3) Uani 1 1 d . . .  
H1A H 0.6634 0.5070 0.0042 0.081 Uiso 1 1 calc R . .  
H1B H 0.8637 0.5519 0.0240 0.081 Uiso 1 1 calc R . .  
H1C H 0.7578 0.5702 -0.0571 0.081 Uiso 1 1 calc R . .  
C2  C 0.825(2) 0.7898(10) 0.0127(7) 0.071(3) Uani 1 1 d . . .  
H2A H 0.7902 0.8541 0.0288 0.107 Uiso 1 1 calc R . .  
H2B H 0.8364 0.7898 -0.0417 0.107 Uiso 1 1 calc R . .  
H2C H 0.9435 0.7719 0.0391 0.107 Uiso 1 1 calc R . .  
C3A  C 0.4213(17) 0.7182(8) -0.0543(6) 0.065(3) Uani 0.50 1 d PDU A 1  
H3A1 H 0.4846 0.7219 -0.1013 0.078 Uiso 0.50 1 calc PR A 1  
H3A2 H 0.3311 0.6650 -0.0596 0.078 Uiso 0.50 1 calc PR A 1  
C4A  C 0.322(3) 0.8107(12) -0.0428(10) 0.050(4) Uani 0.50 1 d PDU A 1  
H4A1 H 0.3892 0.8633 -0.0659 0.061 Uiso 0.50 1 calc PR A 1  
H4A2 H 0.1978 0.8069 -0.0698 0.061 Uiso 0.50 1 calc PR A 1  
C5A  C 0.256(4) 0.9285(16) 0.0574(16) 0.066(7) Uani 0.50 1 d PDU A 1  
H5A1 H 0.1514 0.9549 0.0249 0.080 Uiso 0.50 1 calc PR A 1     
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H5A2 H 0.3627 0.9722 0.0550 0.080 Uiso 0.50 1 calc PR A 1  
C6A  C 0.205(3) 0.920(3) 0.1379(16) 0.087(9) Uani 0.50 1 d PDU A 1  
H6A1 H 0.0976 0.8773 0.1424 0.104 Uiso 0.50 1 calc PR A 1  
H6A2 H 0.1810 0.9834 0.1605 0.104 Uiso 0.50 1 calc PR A 1  
C3B  C 0.4213(17) 0.7182(8) -0.0543(6) 0.065(3) Uani 0.50 1 d PDU B 2  
H3B1 H 0.4473 0.6783 -0.0982 0.078 Uiso 0.50 1 calc PR B 2  
H3B2 H 0.2957 0.7030 -0.0404 0.078 Uiso 0.50 1 calc PR B 2  
C4B  C 0.435(3) 0.8258(11) -0.0740(10) 0.060(5) Uani 0.50 1 d PDU B 2  
H4B1 H 0.5549 0.8384 -0.0950 0.072 Uiso 0.50 1 calc PR B 2  
H4B2 H 0.3358 0.8430 -0.1128 0.072 Uiso 0.50 1 calc PR B 2  
C5B  C 0.243(3) 0.893(3) 0.0195(11) 0.068(7) Uani 0.50 1 d PDU B 2  
H5B1 H 0.1787 0.8305 0.0151 0.082 Uiso 0.50 1 calc PR B 2  
H5B2 H 0.1690 0.9403 -0.0117 0.082 Uiso 0.50 1 calc PR B 2  
C6B  C 0.258(3) 0.9261(16) 0.1027(13) 0.064(8) Uani 0.50 1 d PDU B 2  
H6B1 H 0.1346 0.9187 0.1215 0.077 Uiso 0.50 1 calc PR B 2  
H6B2 H 0.2859 0.9957 0.1032 0.077 Uiso 0.50 1 calc PR B 2  
C7 C 0.670(2) 0.9589(8) 0.1606(7) 0.076(4) Uani 1 1 d . A .  
H7A H 0.7136 0.9451 0.1111 0.114 Uiso 1 1 calc R . .  
H7B H 0.7733 0.9529 0.1994 0.114 Uiso 1 1 calc R . .  
H7C H 0.6212 1.0243 0.1610 0.114 Uiso 1 1 calc R . .  
C8 C 0.393(3) 0.9091(17) 0.2880(14) 0.154(11) Uani 1 1 d . A .  
H8A H 0.2953 0.8699 0.3069 0.231 Uiso 1 1 calc R . .  
H8B H 0.3520 0.9759 0.2829 0.231 Uiso 1 1 calc R . .  
H8C H 0.5034 0.9058 0.3234 0.231 Uiso 1 1 calc R . .  
C9 C 0.7664(15) 0.7033(8) 0.2143(5) 0.048(2) Uani 1 1 d . . .  
C10 C 0.5706(18) 0.5468(8) 0.1726(6) 0.059(3) Uani 1 1 d . . .  
C11 C 0.2782(15) 0.6534(7) 0.1346(6) 0.048(2) Uani 1 1 d . . .  
C12 C 0.4501(19) 0.6597(10) 0.2718(6) 0.069(3) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Cr1 0.0500(8) 0.0392(8) 0.0291(7) -0.0037(6) 0.0051(6) -0.0031(6)  
Sb1 0.0494(4) 0.0468(4) 0.0260(3) -0.0011(2) -0.0019(2) 0.0057(3)  
Sb2 0.0555(5) 0.0472(4) 0.0901(6) -0.0338(4) -0.0049(4) 0.0088(3)  
O1A 0.068(11) 0.071(10) 0.069(8) -0.008(8) -0.008(8) 0.014(9)  
O1B 0.045(6) 0.040(5) 0.050(7) 0.008(5) -0.012(5) -0.011(5)  
O2 0.056(5) 0.088(6) 0.051(4) -0.010(4) -0.008(4) 0.003(4)  
O3 0.151(10) 0.042(5) 0.072(6) 0.002(4) -0.050(6) 0.001(5)  
O4 0.052(4) 0.062(5) 0.078(5) -0.009(4) 0.011(4) -0.014(4)  
O5 0.131(9) 0.145(10) 0.040(5) -0.009(5) 0.035(5) -0.061(8)  
C1 0.060(6) 0.052(6) 0.052(6) -0.021(5) 0.009(5) 0.014(5)  
C2 0.089(9) 0.078(8) 0.046(6) 0.006(6) 0.005(6) -0.018(7)  
C3A 0.089(8) 0.057(5) 0.045(6) -0.003(4) -0.024(5) 0.013(6)  
C4A 0.042(10) 0.046(9) 0.061(8) 0.010(8) -0.005(9) -0.011(7)  
C5A 0.059(14) 0.056(12) 0.078(15) -0.012(11) -0.038(14) 0.001(10)  
C6A 0.055(16) 0.10(2) 0.105(17) -0.020(14) 0.009(15) 0.041(16)  
C3B 0.089(8) 0.057(5) 0.045(6) -0.003(4) -0.024(5) 0.013(6)  
C4B 0.064(13) 0.058(8) 0.054(11) -0.004(8) -0.023(9) -0.006(11)  368 
 
C5B 0.046(10) 0.10(2) 0.053(12) 0.034(12) -0.009(9) 0.006(13)  
C6B 0.044(14) 0.039(12) 0.108(17) -0.042(16) 0.000(13) 0.019(10)  
C7 0.105(10) 0.047(6) 0.068(8) -0.010(6) -0.037(7) -0.006(6)  
C8 0.121(15) 0.155(19) 0.19(2) -0.125(18) 0.065(15) -0.010(14)  
C9 0.059(6) 0.054(6) 0.029(4) -0.002(4) 0.000(4) 0.008(5)  
C10 0.087(8) 0.045(6) 0.041(5) 0.003(4) -0.023(5) 0.003(5)  
C11 0.058(6) 0.043(5) 0.044(5) -0.006(4) 0.015(5) -0.003(4)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Cr1 C10 1.833(11) . ?  
Cr1 C12 1.842(12) . ?  
Cr1 C11 1.890(11) . ?  
Cr1 C9 1.895(11) . ?  
Cr1 Sb2 2.5884(17) . ?  
Cr1 Sb1 2.6011(15) . ?  
Sb1 C2 2.128(13) . ?  
Sb1 C1 2.145(9) . ?  
Sb1 C3A 2.148(8) . ?  
Sb2 C8 2.072(18) . ?  
Sb2 C6A 2.125(17) . ?  
Sb2 C7 2.171(14) . ?  
Sb2 C6B 2.173(16) . ?  
O1A C4A 1.386(16) . ?  
O1A C5A 1.445(18) . ?  
O1B C5B 1.426(17) . ?  
O1B C4B 1.445(16) . ?  
O2 C9 1.149(13) . ?  
O3 C10 1.160(14) . ?  
O4 C11 1.146(13) . ?  
O5 C12 1.140(14) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
C3A C4A 1.501(15) . ?  
C3A H3A1 0.9900 . ?     
369 
 
C3A H3A2 0.9900 . ?  
C4A H4A1 0.9900 . ?  
C4A H4A2 0.9900 . ?  
C5A C6A 1.516(19) . ?  
C5A H5A1 0.9900 . ?  
C5A H5A2 0.9900 . ?  
C6A H6A1 0.9900 . ?  
C6A H6A2 0.9900 . ?  
C4B H4B1 0.9900 . ?  
C4B H4B2 0.9900 . ?  
C5B C6B 1.546(18) . ?  
C5B H5B1 0.9900 . ?  
C5B H5B2 0.9900 . ?  
C6B H6B1 0.9900 . ?  
C6B H6B2 0.9900 . ?  
C7 H7A 0.9800 . ?  
C7 H7B 0.9800 . ?  
C7 H7C 0.9800 . ?  
C8 H8A 0.9800 . ?  
C8 H8B 0.9800 . ?  
C8 H8C 0.9800 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C10 Cr1 C12 88.9(6) . . ?  
C10 Cr1 C11 90.3(5) . . ?  
C12 Cr1 C11 90.7(5) . . ?  
C10 Cr1 C9 91.8(5) . . ?  
C12 Cr1 C9 91.0(5) . . ?  
C11 Cr1 C9 177.3(5) . . ?  
C10 Cr1 Sb2 178.6(3) . . ?  
C12 Cr1 Sb2 89.9(5) . . ?  
C11 Cr1 Sb2 90.5(3) . . ?  
C9 Cr1 Sb2 87.4(3) . . ?  
C10 Cr1 Sb1 88.5(4) . . ?  
C12 Cr1 Sb1 177.2(4) . . ?  
C11 Cr1 Sb1 88.3(3) . . ?  
C9 Cr1 Sb1 90.2(3) . . ?  
Sb2 Cr1 Sb1 92.69(5) . . ?  
C2 Sb1 C1 98.3(5) . . ?  
C2 Sb1 C3A 98.5(5) . . ?  
C1 Sb1 C3A 99.1(4) . . ?  
C2 Sb1 Cr1 120.3(3) . . ?  
C1 Sb1 Cr1 114.9(3) . . ?  
C3A Sb1 Cr1 121.2(4) . . ?  
C8 Sb2 C6A 87.6(11) . . ?  
C8 Sb2 C7 99.2(7) . . ?  
C6A Sb2 C7 105.8(11) . . ?  370 
 
C8 Sb2 C6B 105.2(10) . . ?  
C6A Sb2 C6B 20.6(9) . . ?  
C7 Sb2 C6B 92.2(9) . . ?  
C8 Sb2 Cr1 116.3(8) . . ?  
C6A Sb2 Cr1 122.6(11) . . ?  
C7 Sb2 Cr1 119.0(4) . . ?  
C6B Sb2 Cr1 120.7(6) . . ?  
C4A O1A C5A 124(2) . . ?  
C5B O1B C4B 117.1(18) . . ?  
Sb1 C1 H1A 109.5 . . ?  
Sb1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Sb1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
Sb1 C2 H2A 109.5 . . ?  
Sb1 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
Sb1 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  
C4A C3A Sb1 111.0(9) . . ?  
C4A C3A H3A1 109.4 . . ?  
Sb1 C3A H3A1 109.4 . . ?  
C4A C3A H3A2 109.4 . . ?  
Sb1 C3A H3A2 109.4 . . ?  
H3A1 C3A H3A2 108.0 . . ?  
O1A C4A C3A 114.7(15) . . ?  
O1A C4A H4A1 108.6 . . ?  
C3A C4A H4A1 108.6 . . ?  
O1A C4A H4A2 108.6 . . ?  
C3A C4A H4A2 108.6 . . ?  
H4A1 C4A H4A2 107.6 . . ?  
O1A C5A C6A 108(2) . . ?  
O1A C5A H5A1 110.1 . . ?  
C6A C5A H5A1 110.1 . . ?  
O1A C5A H5A2 110.1 . . ?  
C6A C5A H5A2 110.1 . . ?  
H5A1 C5A H5A2 108.4 . . ?  
C5A C6A Sb2 97.1(14) . . ?  
C5A C6A H6A1 112.3 . . ?  
Sb2 C6A H6A1 112.3 . . ?  
C5A C6A H6A2 112.3 . . ?  
Sb2 C6A H6A2 112.3 . . ?  
H6A1 C6A H6A2 109.9 . . ?  
O1B C4B H4B1 109.5 . . ?  
O1B C4B H4B2 109.5 . . ?  
H4B1 C4B H4B2 108.1 . . ?  
O1B C5B C6B 111(2) . . ?  
O1B C5B H5B1 109.5 . . ?  
C6B C5B H5B1 109.5 . . ?  
O1B C5B H5B2 109.5 . . ?  
C6B C5B H5B2 109.5 . . ?  
H5B1 C5B H5B2 108.1 . . ?     
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C5B C6B Sb2 119.8(13) . . ?  
C5B C6B H6B1 107.4 . . ?  
Sb2 C6B H6B1 107.4 . . ?  
C5B C6B H6B2 107.4 . . ?  
Sb2 C6B H6B2 107.4 . . ?  
H6B1 C6B H6B2 106.9 . . ?  
Sb2 C7 H7A 109.5 . . ?  
Sb2 C7 H7B 109.5 . . ?  
H7A C7 H7B 109.5 . . ?  
Sb2 C7 H7C 109.5 . . ?  
H7A C7 H7C 109.5 . . ?  
H7B C7 H7C 109.5 . . ?  
Sb2 C8 H8A 109.5 . . ?  
Sb2 C8 H8B 109.5 . . ?  
H8A C8 H8B 109.5 . . ?  
Sb2 C8 H8C 109.5 . . ?  
H8A C8 H8C 109.5 . . ?  
H8B C8 H8C 109.5 . . ?  
O2 C9 Cr1 177.1(9) . . ?  
O3 C10 Cr1 178.3(13) . . ?  
O4 C11 Cr1 177.9(9) . . ?  
O5 C12 Cr1 178.4(12) . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
Sb1 C3A C4A O1A -30(2) . . . . ?  
C3A C4A O1A C5A 163(2) . . . . ?  
C4A O1A C5A C6A 167(2) . . . . ?  
O1A C5A C6A Sb2  58(2) . . . . ?  
Sb1 C3B C4B O1B -52.6(18) . . . . ?  
C3B C4B O1B C5B    -74(2) . . . . ?  
C4B O1B C5B C6B 160.3(19) . . . . ?  
O1B C5B C6B Sb2    -46(3) . . . . ?  
 
loop_ 
_geom_contact_atom_site_label_1    
_geom_contact_atom_site_label_2   
_geom_contact_distance           
_geom_contact_site_symmetry_1      
_geom_contact_site_symmetry_2      
_geom_contact_publ_flag           
Cr1  O1A    3.647(19)  .  .  ? 
Cr1  O1B    4.390(13)  .  .  ?   
Sb1  O1A    3.060(18)  .  .  ? 
SB2  O1A    2.859(16)  .  .  ? 372 
 
Sb1  O1B    3.159(13)  .  .  ? 
Sb2  O1B    3.418(13)  .  .  ? 
 
  
_diffrn_measured_fraction_theta_max    0.996  
_diffrn_reflns_theta_full              26.00  
_diffrn_measured_fraction_theta_full   0.996  
_refine_diff_density_max    4.179  
_refine_diff_density_min   -2.372  






REM  10slbcrsb2o. [Cr(CO)4{O(CH2CH2SbMe2)2}] 
REM  Space gp: P2(1)/n (14). Z=4, T=120K. Cell from 19979 refs 
REM  (theta: 2.91 to 27.48 deg). SADABS abs corr'n (Tmin=0.8040, 
REM  Tmax=1.0000. Pale yellow fragment. 0.12 x 0.10 x 0.03 mm. 
REM  Nonius CCD (damien), 27-sept-2010. Sophie Benjamin. 
REM 
REM  Disordered chain C3 C4 O1 C5 C6 modelled as two components (A/B) 
REM 
CELL  0.71073   7.2837  13.9330  17.8044   90.000   94.690   90.000 
REM ZERR  4.0   0.0001   0.0004   0.0005    0.000    0.002    0.000 
ZERR     4.00   0.0005   0.0020   0.0025    0.000    0.010    0.000 ! x 5 
LATT   1 
SYMM  1/2 - X, 1/2 + Y, 1/2 - Z 
SFAC  C    H    O    CR   SB 
UNIT  48   80   20   4    8 
MERG   2 
OMIT     -4.00 52.00 
OMIT   1  0  1 
OMIT  -1  4  1 
OMIT   2  5  0 
DFIX  2.15 0.02 SB2 C6A  SB2 C6B  SB1 C3A  SB1 C3B 
DFIX  1.43 0.02 C5A O1A  C4A O1A  C5B O1B  C4B O1B 
DFIX  1.52 0.02 C3A C4A  C3B C4B  C5A C6A  C5B C6B 
ISOR  C3A C3B C4A C4B O1A O1B C5A C5B C6A C6B 
DELU  0.005 0.005 C3A C3B C4A C4B O1A O1B C5A C5B C6A C6B 
REM  C3A and C3B same coords & Uij. Used to get correct connectivity 
EXYZ C3A C3B 
EADP C3A C3B 
TEMP -153 
SIZE  0.12 0.10 0.03 
FMAP   2 
PLAN   10 
BOND   $H 
RTAB CROA CR1 O1A 
RTAB CROB CR1 O1B 
CONF  SB1 C3A C4A O1A 
CONF  C3A C4A O1A C5A 
CONF  C4A O1A C5A C6A 
CONF  O1A C5A C6A SB2    
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CONF  SB1 C3B C4B O1B 
CONF  C3B C4B O1B C5B 
CONF  C4B O1B C5B C6B 
CONF  O1B C5B C6B SB2 
ACTA 
L.S.  10 
WGHT    0.076300   28.724800 
FVAR       0.31559   0.50000 
CR1   4    0.521868    0.675662    0.175770    11.00000    0.05003    0.03915 = 
         0.02906   -0.00369    0.00509   -0.00306 
SB1   5    0.619895    0.689294    0.038932    11.00000    0.04939    0.04685 = 
         0.02602   -0.00109   -0.00188    0.00573 
SB2   5    0.455425    0.857713    0.183774    11.00000    0.05553    0.04717 = 
         0.09006   -0.03383   -0.00493    0.00876 
PART 1 
O1A   3    0.302581    0.833811    0.031868    10.50000    0.06798    0.07116 = 
         0.06927   -0.00764   -0.00810    0.01419 
PART 2 
O1B   3    0.420812    0.884351   -0.007718    10.50000    0.04502    0.04029 = 
         0.05001    0.00820   -0.01217   -0.01099 
PART 0 
O2    3    0.911870    0.720615    0.240687    11.00000    0.05575    0.08822 = 
         0.05093   -0.00996   -0.00760    0.00295 
O3    3    0.598405    0.464808    0.171885    11.00000    0.15077    0.04246 = 
         0.07166    0.00191   -0.05030    0.00085 
O4    3    0.131294    0.636910    0.109884    11.00000    0.05232    0.06213 = 
         0.07839   -0.00889    0.01054   -0.01406 
O5    3    0.404484    0.647673    0.330825    11.00000    0.13066    0.14537 = 
         0.03965   -0.00860    0.03472   -0.06144 
REM C & H 
C1    1    0.742893    0.562355   -0.003191    11.00000    0.05993    0.05168 = 
         0.05153   -0.02098    0.00946    0.01355 
AFIX  33 
H1A   2    0.663370    0.506998    0.004236    11.00000   -1.50000 
H1B   2    0.863714    0.551920    0.024009    11.00000   -1.50000 
H1C   2    0.757779    0.570165   -0.057057    11.00000   -1.50000 
AFIX   0 
C2    1    0.825186    0.789805    0.012743    11.00000    0.08896    0.07841 = 
         0.04585    0.00612    0.00466   -0.01832 
AFIX  33 
H2A   2    0.790161    0.854084    0.028762    11.00000   -1.50000 
H2B   2    0.836390    0.789762   -0.041735    11.00000   -1.50000 
H2C   2    0.943548    0.771858    0.039141    11.00000   -1.50000 
AFIX   0 
REM  Disordered chain C3 C4 O1 C5 C6 modelled as two components (A/B) 
REM 
PART    1 
C3A   1    0.421297    0.718191   -0.054265    10.50000    0.08878    0.05747 = 
         0.04497   -0.00278   -0.02421    0.01280 
AFIX  23 
H3A1  2    0.484566    0.721941   -0.101319    10.50000   -1.20000 
H3A2  2    0.331141    0.664959   -0.059580    10.50000   -1.20000 
AFIX   0 
C4A   1    0.321880    0.810712   -0.042807    10.50000    0.04226    0.04621 = 374 
 
         0.06135    0.01029   -0.00489   -0.01124 
AFIX  23 
H4A1  2    0.389217    0.863336   -0.065895    10.50000   -1.20000 
H4A2  2    0.197812    0.806865   -0.069844    10.50000   -1.20000 
AFIX   0 
C5A   1    0.256116    0.928545    0.057406    10.50000    0.05897    0.05580 = 
         0.07757   -0.01210   -0.03752    0.00115 
AFIX  23 
H5A1  2    0.151389    0.954899    0.024864    10.50000   -1.20000 
H5A2  2    0.362666    0.972241    0.055032    10.50000   -1.20000 
AFIX   0 
C6A   1    0.204571    0.920110    0.137930    10.50000    0.05534    0.09999 = 
         0.10524   -0.02026    0.00895    0.04076 
AFIX  23 
H6A1  2    0.097582    0.877264    0.142397    10.50000   -1.20000 
H6A2  2    0.181027    0.983385    0.160547    10.50000   -1.20000 
AFIX   0 
PART    2 
C3B   1    0.421297    0.718191   -0.054265    10.50000    0.08878    0.05747 = 
         0.04497   -0.00278   -0.02421    0.01280 
AFIX  23 
H3B1  2    0.447256    0.678308   -0.098182    10.50000   -1.20000 
H3B2  2    0.295680    0.702964   -0.040394    10.50000   -1.20000 
AFIX   0 
C4B   1    0.435472    0.825805   -0.073958    10.50000    0.06413    0.05834 = 
         0.05355   -0.00415   -0.02277   -0.00616 
AFIX  23 
H4B1  2    0.554885    0.838364   -0.094958    10.50000   -1.20000 
H4B2  2    0.335784    0.842990   -0.112774    10.50000   -1.20000 
AFIX   0 
  
C5B   1    0.242770    0.893141    0.019471    10.50000    0.04589    0.10407 = 
         0.05295    0.03370   -0.00874    0.00560 
AFIX  23 
H5B1  2    0.178698    0.830481    0.015105    10.50000   -1.20000 
H5B2  2    0.168970    0.940271   -0.011740    10.50000   -1.20000 
AFIX   0 
C6B   1    0.257901    0.926124    0.102678    10.50000    0.04447    0.03924 = 
         0.10829   -0.04232    0.00003    0.01929 
AFIX  23 
H6B1  2    0.134557    0.918682    0.121548    10.50000   -1.20000 
H6B2  2    0.285873    0.995666    0.103204    10.50000   -1.20000 
AFIX   0 
PART    0 
C7    1    0.670338    0.958882    0.160632    11.00000    0.10528    0.04682 = 
         0.06841   -0.01012   -0.03714   -0.00589 
AFIX  33 
H7A   2    0.713592    0.945075    0.111070    11.00000   -1.50000 
H7B   2    0.773281    0.952908    0.199376    11.00000   -1.50000 
H7C   2    0.621160    1.024336    0.161004    11.00000   -1.50000 
AFIX   0 
C8    1    0.393343    0.909096    0.287959    11.00000    0.12095    0.15483 = 
         0.19420   -0.12492    0.06499   -0.00967 
AFIX  33    
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H8A   2    0.295285    0.869927    0.306853    11.00000   -1.50000 
H8B   2    0.351989    0.975884    0.282880    11.00000   -1.50000 
H8C   2    0.503399    0.905774    0.323412    11.00000   -1.50000 
AFIX   0 
REM  CO C atoms 
C9    1    0.766372    0.703323    0.214336    11.00000    0.05930    0.05406 = 
         0.02948   -0.00210    0.00045    0.00798 
C10   1    0.570629    0.546754    0.172563    11.00000    0.08701    0.04500 = 
         0.04085    0.00327   -0.02267    0.00269 
C11   1    0.278203    0.653370    0.134581    11.00000    0.05765    0.04267 = 
         0.04444   -0.00560    0.01542   -0.00252 
C12   1    0.450059    0.659672    0.271816    11.00000    0.08402    0.08141 = 
         0.04031   -0.01207    0.00580   -0.03450 
  
HKLF    4 
  
REM  2010slbCrSb2O 
REM R1 =  0.0641 for   3072 Fo > 4sig(Fo)  and  0.0741 for all   3512 data 
REM    218 parameters refined using     86 restraints 
  
END   
      
WGHT      0.0421     33.5759  
REM Highest difference peak  4.179,  deepest hole -2.372,  1-sigma level  0.187 
Q1    1   0.6062  0.7480  0.0431  11.00000  0.05    4.18 
Q2    1   0.4030  0.8656  0.2180  11.00000  0.05    3.75 
Q3    1   0.3785  0.8658  0.1590  11.00000  0.05    1.71 
Q4    1   0.4370  0.8781  0.1610  11.00000  0.05    1.67 
Q5    1   0.5017  0.8925  0.1775  11.00000  0.05    1.36 
Q6    1   0.4680  0.8160  0.1847  11.00000  0.05    1.24 
Q7    1   0.5990  0.9529  0.0830  11.00000  0.05    0.95 
Q8    1   0.6204  0.5983  0.0509  11.00000  0.05    0.77 
Q9    1   0.6442  0.9337  0.0388  11.00000  0.05    0.75 









_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '2010-07-18' 
_audit_author_name              'Webster, M.' 





 Tetracarbonyl(1,5-bis(dimethylstibino)-3-oxapentane-Sb,Sb')tungsten(0)  
; 
 
# Me2Sb(CH2)2O(CH2)2SbMe2 = C8H20OSb2 376 
 
# (oxydiethane-2,1-diyl)bis(dimethylstibine) (ACD iLab defaults) 
# (oxydiethane-2,1-diyl)bis(dimethylstibane) (iLab selected options) 
# 1,5-bis(dimethylstibino)-3-oxapentane    (wl suggestion, see refcode RIPNOU) 
# 1,5-bis(dimethylstibanyl)-3-oxapentane   (from above) 
 
 
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C12 H20 O5 Sb2 W'  
_chemical_formula_sum            'C12 H20 O5 Sb2 W' 
_chemical_formula_structural     '(C8 H20 O Sb2) (C O)4 W'  
_chemical_formula_weight          671.63  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'W'  'W'  -0.8490   6.8722  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 
_symmetry_cell_setting            monoclinic  
_symmetry_space_group_name_H-M    'P 21/n' 
_space_group_IT_number             14          




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x+1/2, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x-1/2, -y-1/2, z-1/2'  
  
_cell_length_a                    7.229(2)  
_cell_length_b                    14.047(5)  
_cell_length_c                    18.191(6)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  95.26(2)  
_cell_angle_gamma                 90.00  
_cell_volume                      1839.4(10)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     120(2) 
_cell_measurement_reflns_used     2881  
_cell_measurement_theta_min       2.91    
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_cell_measurement_theta_max       27.48 
  
_exptl_crystal_description        plate 
_exptl_crystal_colour             'pale yellow' 
_exptl_crystal_size_max           0.08  
_exptl_crystal_size_mid           0.06  
_exptl_crystal_size_min           0.02  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.425  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1232  
_exptl_absorpt_coefficient_mu     9.167 
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.5296 # 0.5275  
_exptl_absorpt_correction_T_max   1.0000 # 0.8379  
_exptl_absorpt_process_details     




 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source          'Bruker-Nonius FR591 rotating anode'  
_diffrn_radiation_monochromator   '10cm confocal mirrors' 
_diffrn_measurement_device_type   
                       'Bruker-Nonius 95mm CCD camera on \k-goniostat'  
_diffrn_measurement_method        '\f & \w scans' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             13234  
_diffrn_reflns_av_R_equivalents   0.0438  
_diffrn_reflns_av_sigmaI/netI     0.0390  
_diffrn_reflns_limit_h_min        -8  
_diffrn_reflns_limit_h_max        8  
_diffrn_reflns_limit_k_min        -15  
_diffrn_reflns_limit_k_max        17  
_diffrn_reflns_limit_l_min        -22  
_diffrn_reflns_limit_l_max        22  
_diffrn_reflns_theta_min          3.11  
_diffrn_reflns_theta_max          25.99  
_reflns_number_total              3519  
_reflns_number_gt                 3025  
_reflns_threshold_expression      I>2sigma(I)  
 
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 378 
 
_computing_structure_solution     'SHELXS-97 (Sheldrick, 1997)'  
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger. 
 
Disorder of C3, C4, O1 and C5 was modelled over two positions. C6 has been artificially split 
into two sites C6A C6B to allow the 
 addition of H atoms in calc positions. C6A & C6B have the same coordinates 
 and Uij values. See RES below 
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0376P)^2^+55.8528P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          3519  
_refine_ls_number_parameters      218  
_refine_ls_number_restraints      47  
_refine_ls_R_factor_all           0.0686  
_refine_ls_R_factor_gt            0.0568  
_refine_ls_wR_factor_ref          0.1429  
_refine_ls_wR_factor_gt           0.1316  
_refine_ls_goodness_of_fit_ref    1.048  
_refine_ls_restrained_S_all       1.042  
_refine_ls_shift/su_max           0.009  
_refine_ls_shift/su_mean          0.001  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity     
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 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
W1 W 1.02580(7) 0.67337(4) 0.17617(3) 0.03968(18) Uani 1 1 d . A .  
Sb1 Sb 0.94832(16) 0.86288(8) 0.18262(7) 0.0704(4) Uani 1 1 d D . .  
Sb2 Sb 1.12360(14) 0.68870(7) 0.03477(5) 0.0492(3) Uani 1 1 d . . .  
O1A O 0.922(3) 0.8833(16) -0.0065(12) 0.068(7) Uani 0.51(3) 1 d PDU A 1  
O1B O 0.804(5) 0.832(2) 0.0295(15) 0.089(11) Uani 0.49(3) 1 d PDU A 2  
O2 O 1.4343(15) 0.7237(9) 0.2438(6) 0.071(3) Uani 1 1 d . A .  
O3 O 0.902(2) 0.6462(13) 0.3344(7) 0.102(5) Uani 1 1 d . A .  
O4 O 1.123(2) 0.4558(9) 0.1712(8) 0.094(5) Uani 1 1 d . A .  
O5 O 0.6130(14) 0.6313(8) 0.1090(6) 0.062(3) Uani 1 1 d . A .  
C1 C 1.164(3) 0.9620(12) 0.1586(11) 0.092(7) Uani 1 1 d . A .  
H1A H 1.2817 0.9434 0.1859 0.138 Uiso 1 1 calc R . .  
H1B H 1.1301 1.0262 0.1735 0.138 Uiso 1 1 calc R . .  
H1C H 1.1781 0.9612 0.1055 0.138 Uiso 1 1 calc R . .  
C2 C 0.874(4) 0.914(2) 0.2846(17) 0.153(14) Uani 1 1 d . A .  
H2A H 0.9684 0.8951 0.3240 0.230 Uiso 1 1 calc R . .  
H2B H 0.7535 0.8883 0.2944 0.230 Uiso 1 1 calc R . .  
H2C H 0.8669 0.9841 0.2828 0.230 Uiso 1 1 calc R . .  
C3A C 0.750(6) 0.931(3) 0.103(2) 0.085(15) Uani 0.51(3) 1 d PDU A 1  
H3A1 H 0.6239 0.9184 0.1188 0.103 Uiso 0.51(3) 1 calc PR A 1  
H3A2 H 0.7704 1.0003 0.1068 0.103 Uiso 0.51(3) 1 calc PR A 1  
C4A C 0.749(4) 0.902(4) 0.0224(17) 0.098(15) Uani 0.51(3) 1 d PDU A 1  
H4A1 H 0.6705 0.8449 0.0146 0.118 Uiso 0.51(3) 1 calc PR A 1  
H4A2 H 0.6869 0.9540 -0.0076 0.118 Uiso 0.51(3) 1 calc PR A 1  
C5A C 0.927(7) 0.8228(15) -0.0699(16) 0.105(15) Uani 0.51(3) 1 d PDU A 1  
H5A1 H 1.0420 0.8363 -0.0935 0.126 Uiso 0.51(3) 1 calc PR A 1  
H5A2 H 0.8205 0.8393 -0.1059 0.126 Uiso 0.51(3) 1 calc PR A 1  
C6A C 0.919(3) 0.7170(12) -0.0540(9) 0.077(5) Uani 0.51(3) 1 d PDU A 1  
H6A1 H 0.9455 0.6800 -0.0982 0.092 Uiso 0.51(3) 1 calc PR A 1  
H6A2 H 0.7945 0.6991 -0.0403 0.092 Uiso 0.51(3) 1 calc PR A 1  
C3B C 0.687(5) 0.913(4) 0.130(3) 0.085(14) Uani 0.49(3) 1 d PDU A 2  
H3B1 H 0.5868 0.8646 0.1295 0.102 Uiso 0.49(3) 1 calc PR A 2  
H3B2 H 0.6453 0.9734 0.1515 0.102 Uiso 0.49(3) 1 calc PR A 2  
C4B C 0.761(7) 0.926(3) 0.056(3) 0.105(16) Uani 0.49(3) 1 d PDU A 2  
H4B1 H 0.6667 0.9573 0.0206 0.126 Uiso 0.49(3) 1 calc PR A 2  
H4B2 H 0.8741 0.9662 0.0603 0.126 Uiso 0.49(3) 1 calc PR A 2  
C5B C 0.813(6) 0.807(2) -0.0449(17) 0.077(10) Uani 0.49(3) 1 d PDU A 2  
H5B1 H 0.8731 0.8598 -0.0702 0.092 Uiso 0.49(3) 1 calc PR A 2  
H5B2 H 0.6852 0.7999 -0.0689 0.092 Uiso 0.49(3) 1 calc PR A 2  
C6B C 0.919(3) 0.7170(12) -0.0540(9) 0.077(5) Uani 0.49(3) 1 d PDU A 2  
H6B1 H 0.9807 0.7208 -0.1004 0.092 Uiso 0.49(3) 1 calc PR A 2  
H6B2 H 0.8306 0.6631 -0.0588 0.092 Uiso 0.49(3) 1 calc PR A 2  
C7 C 1.240(2) 0.5645(13) -0.0107(9) 0.069(5) Uani 1 1 d . A .  
H7A H 1.3404 0.5398 0.0241 0.104 Uiso 1 1 calc R . .  
H7B H 1.2901 0.5809 -0.0573 0.104 Uiso 1 1 calc R . .  
H7C H 1.1436 0.5158 -0.0196 0.104 Uiso 1 1 calc R . .  
C8 C 1.327(3) 0.7888(15) 0.0077(9) 0.083(6) Uani 1 1 d . A .  
H8A H 1.4346 0.7853 0.0444 0.124 Uiso 1 1 calc R . .  
H8B H 1.2739 0.8531 0.0075 0.124 Uiso 1 1 calc R . .  
H8C H 1.3654 0.7742 -0.0413 0.124 Uiso 1 1 calc R . .  
C9 C 1.288(2) 0.7045(10) 0.2180(7) 0.048(3) Uani 1 1 d . . .  380 
 
C10 C 0.944(2) 0.6549(13) 0.2776(9) 0.066(4) Uani 1 1 d . . .  
C11 C 1.084(3) 0.5389(11) 0.1739(9) 0.066(5) Uani 1 1 d . . .  
C12 C 0.761(2) 0.6469(9) 0.1329(8) 0.047(3) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
W1 0.0477(3) 0.0396(3) 0.0313(3) -0.00323(19) 0.0009(2) -0.0005(2)  
Sb1 0.0661(7) 0.0463(6) 0.0936(9) -0.0297(6) -0.0210(6) 0.0146(5)  
Sb2 0.0564(6) 0.0606(6) 0.0295(4) -0.0019(4) -0.0027(4) 0.0027(4)  
O1A 0.061(12) 0.070(10) 0.067(14) 0.007(10) -0.030(10) -0.013(11)  
O1B 0.10(2) 0.088(19) 0.074(15) -0.005(14) -0.014(15) 0.015(17)  
O2 0.052(6) 0.092(9) 0.065(7) -0.019(6) -0.008(5) -0.001(6)  
O3 0.117(12) 0.151(14) 0.043(7) -0.012(8) 0.023(7) -0.042(10)  
O4 0.125(12) 0.052(7) 0.094(10) -0.013(6) -0.047(8) 0.013(7)  
O5 0.046(6) 0.065(7) 0.073(7) -0.011(5) -0.001(5) -0.004(5)  
C1 0.127(17) 0.048(9) 0.089(13) -0.002(9) -0.059(12) -0.021(10)  
C2 0.095(17) 0.18(3) 0.19(3) -0.14(3) 0.027(18) 0.016(18)  
C3A 0.05(2) 0.06(3) 0.14(3) -0.04(3) -0.02(2) 0.02(2)  
C4A 0.062(17) 0.17(4) 0.062(17) 0.085(19) -0.010(15) -0.01(2)  
C5A 0.12(4) 0.068(12) 0.11(3) -0.025(17) -0.08(2) 0.01(2)  
C6A 0.092(13) 0.080(9) 0.052(9) 0.000(7) -0.025(8) 0.009(9)  
C3B 0.06(3) 0.06(3) 0.13(3) -0.03(2) -0.01(2) 0.01(2)  
C4B 0.09(3) 0.11(3) 0.10(3) -0.05(2) -0.03(3) 0.01(3)  
C5B 0.09(3) 0.058(18) 0.082(17) -0.015(17) 0.00(2) -0.018(14)  
C6B 0.092(13) 0.080(9) 0.052(9) 0.000(7) -0.025(8) 0.009(9)  
C7 0.056(9) 0.088(12) 0.063(10) -0.039(9) 0.004(7) 0.015(9)  
C8 0.104(15) 0.096(14) 0.047(9) 0.023(9) 0.005(9) -0.033(12)  
C9 0.054(8) 0.054(8) 0.034(6) -0.002(6) -0.003(6) -0.002(6)  
C10 0.073(11) 0.077(11) 0.049(9) -0.010(8) 0.013(8) -0.029(9)  
C11 0.092(12) 0.041(8) 0.057(9) -0.006(7) -0.034(8) 0.005(8)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag     
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W1 C11 1.937(15) . ?  
W1 C10 2.004(16) . ?  
W1 C9 2.026(14) . ?  
W1 C12 2.036(15) . ?  
W1 Sb1 2.7250(14) . ?  
W1 Sb2 2.7378(13) . ?  
Sb1 C2 2.11(2) . ?  
Sb1 C3B 2.16(3) . ?  
Sb1 C1 2.16(2) . ?  
Sb1 C3A 2.16(3) . ?  
Sb2 C6A 2.124(15) . ?  
Sb2 C8 2.123(17) . ?  
Sb2 C7 2.136(15) . ?  
O1A C4A 1.426(19) . ?  
O1A C5A 1.434(19) . ?  
O1B C5B 1.405(19) . ?  
O1B C4B 1.448(19) . ?  
O2 C9 1.147(16) . ?  
O3 C10 1.112(19) . ?  
O4 C11 1.202(18) . ?  
O5 C12 1.139(17) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
C3A C4A 1.526(19) . ?  
C3A H3A1 0.9900 . ?  
C3A H3A2 0.9900 . ?  
C4A H4A1 0.9900 . ?  
C4A H4A2 0.9900 . ?  
C5A C6A 1.516(19) . ?  
C5A H5A1 0.9900 . ?  
C5A H5A2 0.9900 . ?  
C6A H6A1 0.9900 . ?  
C6A H6A2 0.9900 . ?  
C3B C4B 1.52(2) . ?  
C3B H3B1 0.9900 . ?  
C3B H3B2 0.9900 . ?  
C4B H4B1 0.9900 . ?  
C4B H4B2 0.9900 . ?  
C5B H5B1 0.9900 . ?  
C5B H5B2 0.9900 . ?  
C7 H7A 0.9800 . ?  
C7 H7B 0.9800 . ?  
C7 H7C 0.9800 . ?  
C8 H8A 0.9800 . ?  
C8 H8B 0.9800 . ?  
C8 H8C 0.9800 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  382 
 
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C11 W1 C10 88.6(8) . . ?  
C11 W1 C9 91.2(6) . . ?  
C10 W1 C9 91.5(6) . . ?  
C11 W1 C12 90.7(6) . . ?  
C10 W1 C12 89.3(6) . . ?  
C9 W1 C12 178.0(6) . . ?  
C11 W1 Sb1 178.6(4) . . ?  
C10 W1 Sb1 90.5(5) . . ?  
C9 W1 Sb1 87.8(4) . . ?  
C12 W1 Sb1 90.3(4) . . ?  
C11 W1 Sb2 88.9(5) . . ?  
C10 W1 Sb2 176.3(4) . . ?  
C9 W1 Sb2 91.3(4) . . ?  
C12 W1 Sb2 88.1(4) . . ?  
Sb1 W1 Sb2 92.03(4) . . ?  
C2 Sb1 C3B 89.6(15) . . ?  
C2 Sb1 C1 101.7(10) . . ?  
C3B Sb1 C1 108.7(16) . . ?  
C2 Sb1 C3A 103.2(14) . . ?  
C3B Sb1 C3A 19.7(17) . . ?  
C1 Sb1 C3A 91.7(16) . . ?  
C2 Sb1 W1 116.4(10) . . ?  
C3B Sb1 W1 118.4(15) . . ?  
C1 Sb1 W1 117.7(6) . . ?  
C3A Sb1 W1 121.9(11) . . ?  
C6A Sb2 C8 98.5(8) . . ?  
C6A Sb2 C7 97.5(7) . . ?  
C8 Sb2 C7 98.3(8) . . ?  
C6A Sb2 W1 120.5(6) . . ?  
C8 Sb2 W1 120.9(5) . . ?  
C7 Sb2 W1 116.4(5) . . ?  
C4A O1A C5A 120(3) . . ?  
C5B O1B C4B 125(3) . . ?  
Sb1 C1 H1A 109.5 . . ?  
Sb1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Sb1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
Sb1 C2 H2A 109.5 . . ?  
Sb1 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
Sb1 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  
C4A C3A Sb1 118(2) . . ?  
C4A C3A H3A1 107.8 . . ?  
Sb1 C3A H3A1 107.8 . . ?  
C4A C3A H3A2 107.8 . . ?     
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Sb1 C3A H3A2 107.8 . . ?  
H3A1 C3A H3A2 107.1 . . ?  
O1A C4A C3A 119(3) . . ?  
O1A C4A H4A1 107.6 . . ?  
C3A C4A H4A1 107.6 . . ?  
O1A C4A H4A2 107.6 . . ?  
C3A C4A H4A2 107.6 . . ?  
H4A1 C4A H4A2 107.1 . . ?  
O1A C5A C6A 115(2) . . ?  
O1A C5A H5A1 108.5 . . ?  
C6A C5A H5A1 108.5 . . ?  
O1A C5A H5A2 108.5 . . ?  
C6A C5A H5A2 108.5 . . ?  
H5A1 C5A H5A2 107.5 . . ?  
C5A C6A Sb2 107.1(16) . . ?  
C5A C6A H6A1 110.3 . . ?  
Sb2 C6A H6A1 110.3 . . ?  
C5A C6A H6A2 110.3 . . ?  
Sb2 C6A H6A2 110.3 . . ?  
H6A1 C6A H6A2 108.6 . . ?  
C4B C3B Sb1 94(3) . . ?  
C4B C3B H3B1 113.0 . . ?  
Sb1 C3B H3B1 113.0 . . ?  
C4B C3B H3B2 112.9 . . ?  
Sb1 C3B H3B2 112.9 . . ?  
H3B1 C3B H3B2 110.4 . . ?  
O1B C4B C3B 106(4) . . ?  
O1B C4B H4B1 110.4 . . ?  
C3B C4B H4B1 110.4 . . ?  
O1B C4B H4B2 110.4 . . ?  
C3B C4B H4B2 110.4 . . ?  
H4B1 C4B H4B2 108.6 . . ?  
O1B C5B H5B1 109.1 . . ?  
O1B C5B H5B2 109.1 . . ?  
H5B1 C5B H5B2 107.8 . . ?  
Sb2 C7 H7A 109.5 . . ?  
Sb2 C7 H7B 109.5 . . ?  
H7A C7 H7B 109.5 . . ?  
Sb2 C7 H7C 109.5 . . ?  
H7A C7 H7C 109.5 . . ?  
H7B C7 H7C 109.5 . . ?  
Sb2 C8 H8A 109.5 . . ?  
Sb2 C8 H8B 109.5 . . ?  
H8A C8 H8B 109.5 . . ?  
Sb2 C8 H8C 109.5 . . ?  
H8A C8 H8C 109.5 . . ?  
H8B C8 H8C 109.5 . . ?  
O2 C9 W1 177.6(13) . . ?  
O3 C10 W1 178.4(15) . . ?  
O4 C11 W1 178.4(19) . . ?  
O5 C12 W1 179.4(14) . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  384 
 
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
Sb1 C3A C4A O1A -37(6) . . . . ?  
C3A C4A O1A C5A 156(4) . . . . ?  
C4A O1A C5A C6A -80(4) . . . . ?  
O1A C5A C6A Sb2 -50(4) . . . . ?  
Sb1 C3B C4B O1B  67(4) . . . . ?  
C3B C4B O1B C5B 157(4) . . . . ?  
C4B O1B C5B C6B 161(4) . . . . ?  




_geom_contact_atom_site_label_1    
_geom_contact_atom_site_label_2   
_geom_contact_distance           
_geom_contact_site_symmetry_1      
_geom_contact_site_symmetry_2      
_geom_contact_publ_flag  
W1   O1A    4.455(22)  .  .  ? 
W1   O1B    3.724(31)  .  .  ?          
Sb1  O1A    3.441(22)  .  .  ? 
SB2  O1A    3.156(22)  .  .  ? 
Sb1  O1B    2.916(26)  .  .  ? 
Sb2  O1B    3.061(30)  .  .  ? 
 
 
_diffrn_measured_fraction_theta_max    0.975  
_diffrn_reflns_theta_full              25.99  
_diffrn_measured_fraction_theta_full   0.975  
_refine_diff_density_max    5.038  
_refine_diff_density_min   -3.015  





CELL  0.71073   7.2289  14.0469  18.1912   90.000   95.260   90.000 
ZERR     4.00   0.0020   0.0045   0.0055    0.000    0.020    0.000 
LATT   1 
SYMM  1/2 - X, 1/2 + Y, 1/2 - Z 
SFAC  C    H    O    SB   W 
UNIT  48   80   20   8    4 
MERG   2 
OMIT    -4.00  52.00 
OMIT    -6   0   4 
OMIT     2  17   3    
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OMIT    -5  14   3 
OMIT     1  16   4 
OMIT    -8   5   1 
OMIT    -1   4   1 
CONF  SB1 C3A C4A O1A 
CONF  C3A C4A O1A C5A 
CONF  C4A O1A C5A C6A 
CONF  O1A C5A C6A SB2 
CONF  SB1 C3B C4B O1B 
CONF  C3B C4B O1B C5B 
CONF  C4B O1B C5B C6B 
CONF  O1B C5B C6B SB2 
RTAB SB12 SB1 SB2 
SADI  SB1 C3A SB1 C3B 
DFIX 1.43 0.02 C4A O1A  C4B O1B  C5A O1A  C5B O1B 
DFIX 1.52 0.02 C3A C4A  C3B C4B  C5A C6A  C5B C6B 
DELU  0.005 0.005 C3A C3B C4A C4B O1A O1B C5A C5B C6A C6B 
ISOR  C3A C3B C4A C4B 
EXYZ C6A C6B 
EADP C6A C6B 
FMAP   2 
PLAN   10 
SIZE     0.02   0.06   0.08 
ACTA 
BOND   $H 
L.S.  20 
TEMP  -153.00 
WGHT    0.038700   56.448902 
FVAR       0.21837   0.51502 
W1    5    1.025799    0.673372    0.176167    11.00000    0.04768    0.03957 = 
         0.03128   -0.00323    0.00085   -0.00048 
SB1   4    0.948325    0.862878    0.182619    11.00000    0.06607    0.04628 = 
         0.09360   -0.02970   -0.02096    0.01463 
SB2   4    1.123604    0.688691    0.034772    11.00000    0.05642    0.06060 = 
         0.02947   -0.00190   -0.00265    0.00273 
PART    1 
O1A   3    0.921895    0.883252   -0.006545    21.00000    0.06074    0.06990 = 
         0.06711    0.00693   -0.03045   -0.01325 
PART    2 
O1B   3    0.803637    0.831939    0.029547   -21.00000    0.09934    0.08768 = 
         0.07381   -0.00526   -0.01428    0.01515 
PART    0 
O2    3    1.434266    0.723754    0.243768    11.00000    0.05221    0.09169 = 
         0.06540   -0.01938   -0.00789   -0.00118 
O3    3    0.902054    0.646177    0.334386    11.00000    0.11651    0.15040 = 
         0.04318   -0.01199    0.02346   -0.04198 
O4    3    1.123137    0.455805    0.171230    11.00000    0.12490    0.05248 = 
         0.09421   -0.01249   -0.04724    0.01286 
O5    3    0.613005    0.631296    0.109033    11.00000    0.04629    0.06484 = 
         0.07296   -0.01121   -0.00087   -0.00357 
C1    1    1.164090    0.961987    0.158598    11.00000    0.12732    0.04774 = 
         0.08915   -0.00170   -0.05915   -0.02081 
AFIX  33 
H1A   2    1.281659    0.943365    0.185925    11.00000   -1.50000 386 
 
H1B   2    1.130140    1.026249    0.173466    11.00000   -1.50000 
H1C   2    1.178141    0.961210    0.105529    11.00000   -1.50000 
AFIX   0 
C2    1    0.874349    0.914475    0.284561    11.00000    0.09502    0.17919 = 
         0.18845   -0.13627    0.02640    0.01582 
AFIX  33 
H2A   2    0.968391    0.895103    0.323954    11.00000   -1.50000 
H2B   2    0.753412    0.888231    0.294344    11.00000   -1.50000 
H2C   2    0.866809    0.984109    0.282839    11.00000   -1.50000 
AFIX   0 
PART    1 
C3A   1    0.749793    0.930973    0.103401    21.00000    0.04896    0.06249 = 
         0.13932   -0.04074   -0.01419    0.02057 
AFIX  23 
H3A1  2    0.624092    0.918811    0.118805    21.00000   -1.20000 
H3A2  2    0.771119    1.000519    0.106754    21.00000   -1.20000 
AFIX   0 
C4A   1    0.748979    0.902445    0.022452    21.00000    0.06237    0.16860 = 
         0.06191    0.08589   -0.01038   -0.01093 
AFIX  23 
H4A1  2    0.670579    0.844883    0.014735    21.00000   -1.20000 
H4A2  2    0.686755    0.953952   -0.007629    21.00000   -1.20000 
AFIX   0 
C5A   1    0.926627    0.822781   -0.069880    21.00000    0.12275    0.06822 = 
         0.10771   -0.02555   -0.07798    0.00685 
AFIX  23 
H5A1  2    1.041836    0.836363   -0.093493    21.00000   -1.20000 
H5A2  2    0.820337    0.839336   -0.105835    21.00000   -1.20000 
AFIX   0 
C6A   1    0.919231    0.716996   -0.054008    21.00000    0.09171    0.08025 = 
         0.05198   -0.00012   -0.02501    0.00934 
AFIX  23 
H6A1  2    0.945588    0.680023   -0.098191    21.00000   -1.20000 
H6A2  2    0.794501    0.699019   -0.040305    21.00000   -1.20000 
AFIX   0 
PART    2 
C3B   1    0.686442    0.912775    0.130130   -21.00000    0.05832    0.05632 = 
         0.13285   -0.03244   -0.01016    0.01268 
AFIX  23 
H3B1  2    0.586898    0.864284    0.129350   -21.00000   -1.20000 
H3B2  2    0.644873    0.973083    0.151476   -21.00000   -1.20000 
AFIX   0 
C4B   1    0.761014    0.926208    0.055480   -21.00000    0.09266    0.11350 = 
         0.10245   -0.05290   -0.02860    0.00937 
AFIX  23 
H4B1  2    0.666817    0.957379    0.020537   -21.00000   -1.20000 
H4B2  2    0.874180    0.966248    0.060307   -21.00000   -1.20000 
AFIX   0 
C5B   1    0.812896    0.807395   -0.044919   -21.00000    0.08869    0.05832 = 
         0.08230   -0.01486    0.00023   -0.01842 
AFIX  23 
H5B1  2    0.873093    0.859837   -0.070194   -21.00000   -1.20000 
H5B2  2    0.685222    0.799857   -0.068945   -21.00000   -1.20000 
AFIX   0    
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C6B   1    0.919231    0.716996   -0.054008   -21.00000    0.09171    0.08025 = 
         0.05198   -0.00012   -0.02501    0.00934 
AFIX  23 
H6B1  2    0.980686    0.720785   -0.100367   -21.00000   -1.20000 
H6B2  2    0.830651    0.663119   -0.058765   -21.00000   -1.20000 
AFIX   0 
PART    0 
C7    1    1.240204    0.564517   -0.010673    11.00000    0.05625    0.08813 = 
         0.06248   -0.03903    0.00355    0.01469 
AFIX  33 
H7A   2    1.340348    0.539839    0.024100    11.00000   -1.50000 
H7B   2    1.290136    0.580894   -0.057350    11.00000   -1.50000 
H7C   2    1.143615    0.515855   -0.019615    11.00000   -1.50000 
AFIX   0 
C8    1    1.326721    0.788787    0.007696    11.00000    0.10370    0.09645 = 
         0.04710    0.02359    0.00487   -0.03267 
AFIX  33 
H8A   2    1.434605    0.785331    0.044376    11.00000   -1.50000 
H8B   2    1.273916    0.853052    0.007515    11.00000   -1.50000 
H8C   2    1.365394    0.774179   -0.041302    11.00000   -1.50000 
AFIX   0 
C9    1    1.288257    0.704534    0.218008    11.00000    0.05392    0.05395 = 
         0.03401   -0.00216   -0.00306   -0.00220 
C10   1    0.944396    0.654900    0.277572    11.00000    0.07313    0.07717 = 
         0.04955   -0.00963    0.01319   -0.02949 
C11   1    1.084067    0.538883    0.173892    11.00000    0.09242    0.04074 = 
         0.05727   -0.00597   -0.03446    0.00482 
C12   1    0.761058    0.646860    0.132939    11.00000    0.05545    0.03941 = 
         0.04604   -0.00629    0.00631   -0.00148 
HKLF    4 
  
REM  2010slb049a 
REM R1 =  0.0569 for   3025 Fo > 4sig(Fo)  and  0.0686 for all   3519 data 




WGHT      0.0389     56.4102 
REM Highest difference peak  5.043,  deepest hole -3.016,  1-sigma level  0.254 
Q1    1   1.0966  0.7493  0.0371  11.00000  0.05    5.04 
Q2    1   0.8914  0.8740  0.2200  11.00000  0.05    3.41 
Q3    1   0.9539  0.8868  0.1644  11.00000  0.05    2.01 
Q4    1   0.9560  0.8235  0.1832  11.00000  0.05    1.59 
Q5    1   1.0288  0.9790  0.1827  11.00000  0.05    1.07 
Q6    1   1.1278  0.9284  0.0422  11.00000  0.05    0.99 
Q7    1   1.0998  0.9550  0.0453  11.00000  0.05    0.98 
Q8    1   1.3258  0.8156  0.1150  11.00000  0.05    0.91 
Q9    1   1.1132  0.9420  0.0756  11.00000  0.05    0.88 










_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '2011-02-21' 
_audit_author_name              'Webster, M.' 





 tetracarbonyl-(bis(N-(2-(dimethylstibanyl)benzyl))-methanamine)-chromium(0)  
; 
 
# MeN{CH2(o-C6H4(SbMe2))}2 = C19H27NSb2 
# N-[2-(dimethylstibino)benzyl]-1-[2-(dimethylstibino)phenyl]- 
#    N-methylmethanamine       (iLab IUPAC (defaults)) 
# bis(N-(2-(dimethylstibanyl)benzyl))-methanamine (mw) 
  
  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C23 H27 Cr N O4 Sb2'  
_chemical_formula_sum            'C23 H27 Cr N O4 Sb2' 
_chemical_formula_structural     '(C19 H27 N Sb2) Cr (C O)4'   
_chemical_formula_weight          676.96  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cr'  'Cr'   0.3209   0.6236  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            monoclinic  
_symmetry_space_group_name_H-M   'P 21/n' 
_space_group_name_Hall       '-P 2yn ' 




 _symmetry_equiv_pos_as_xyz     
389 
 
 'x, y, z'  
 '-x+1/2, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x-1/2, -y-1/2, z-1/2'  
  
_cell_length_a                    9.6141(15)  
_cell_length_b                    26.060(4)  
_cell_length_c                    10.2948(15)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  97.699(10)  
_cell_angle_gamma                 90.00  
_cell_volume                      2556.0(7)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     120(2)  
_cell_measurement_reflns_used     17643  
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48 
  
_exptl_crystal_description        fragment  
_exptl_crystal_colour             yellow 
_exptl_crystal_size_max           0.10  
_exptl_crystal_size_mid           0.06  
_exptl_crystal_size_min           0.03  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.759  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1320  
_exptl_absorpt_coefficient_mu     2.543  
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.7803 # Exptl Tmin  
_exptl_absorpt_correction_T_max   1.0000 # and Tmax  




 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source          'Bruker-Nonius FR591 rotating anode' 
_diffrn_radiation_monochromator   '10cm confocal mirrors' 
_diffrn_measurement_device_type    
                    'Bruker-Nonius APEX II CCD camera on \k-goniostat' 
_diffrn_measurement_method        '\f & \w scans' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             20852  
_diffrn_reflns_av_R_equivalents   0.0490  
_diffrn_reflns_av_sigmaI/netI     0.0505  390 
 
_diffrn_reflns_limit_h_min        -12  
_diffrn_reflns_limit_h_max        12  
_diffrn_reflns_limit_k_min        -33  
_diffrn_reflns_limit_k_max        33  
_diffrn_reflns_limit_l_min        -13  
_diffrn_reflns_limit_l_max        13  
_diffrn_reflns_theta_min          3.08  
_diffrn_reflns_theta_max          27.55  
_reflns_number_total              5710  
_reflns_number_gt                 4740  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'DIRDIF-99 (Beurskens, 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0000P)^2^+27.9000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          5710  
_refine_ls_number_parameters      280  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0767  
_refine_ls_R_factor_gt            0.0589  
_refine_ls_wR_factor_ref          0.1183  
_refine_ls_wR_factor_gt           0.1094  
_refine_ls_goodness_of_fit_ref    1.106  
_refine_ls_restrained_S_all       1.106  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  




 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Cr1 Cr 0.50201(12) 0.15977(4) 0.59201(11) 0.0259(2) Uani 1 1 d . . .  
Sb1 Sb 0.24407(5) 0.144382(17) 0.63016(5) 0.02751(13) Uani 1 1 d . . .  
Sb2 Sb 0.60771(5) 0.095789(17) 0.77126(4) 0.02493(12) Uani 1 1 d . . .  
O1 O 0.5387(6) 0.2432(2) 0.8019(5) 0.0428(13) Uani 1 1 d . . .  
O2 O 0.7937(6) 0.1787(2) 0.5306(6) 0.0483(14) Uani 1 1 d . . .  
O3 O 0.4014(7) 0.2347(2) 0.3771(6) 0.0506(15) Uani 1 1 d . . .  
O4 O 0.4615(9) 0.0694(2) 0.4070(6) 0.069(2) Uani 1 1 d . . .  
N1 N 0.3466(6) 0.1443(2) 0.9661(6) 0.0273(12) Uani 1 1 d . . .  
C1  C 0.1135(8) 0.1295(3) 0.4495(8) 0.045(2) Uani 1 1 d . . .  
H1A H 0.1524 0.1008 0.4045 0.068 Uiso 1 1 calc R . .  
H1B H 0.1093 0.1602 0.3940 0.068 Uiso 1 1 calc R . .  
H1C H 0.0187 0.1207 0.4673 0.068 Uiso 1 1 calc R . .  
C2  C 0.1229(8) 0.2063(3) 0.6881(9) 0.045(2) Uani 1 1 d . . .  
H2A H 0.1459 0.2376 0.6430 0.067 Uiso 1 1 calc R . .  
H2B H 0.1440 0.2113 0.7831 0.067 Uiso 1 1 calc R . .  
H2C H 0.0229 0.1985 0.6651 0.067 Uiso 1 1 calc R . .  
C3 C 0.1864(7) 0.0778(3) 0.7349(7) 0.0296(15) Uani 1 1 d . . .  
C4 C 0.1664(8) 0.0325(3) 0.6629(8) 0.0364(17) Uani 1 1 d . . .  
H4 H 0.1700 0.0336 0.5712 0.044 Uiso 1 1 calc R . .  
C5 C 0.1418(8) -0.0136(3) 0.7198(9) 0.044(2) Uani 1 1 d . . .  
H5 H 0.1288 -0.0438 0.6682 0.053 Uiso 1 1 calc R . .  
C6 C 0.1361(8) -0.0155(3) 0.8528(10) 0.046(2) Uani 1 1 d . . .  
H6 H 0.1189 -0.0471 0.8934 0.055 Uiso 1 1 calc R . .  
C7 C 0.1556(7) 0.0292(3) 0.9276(9) 0.0401(19) Uani 1 1 d . . .  
H7 H 0.1508 0.0275 1.0191 0.048 Uiso 1 1 calc R . .  
C8 C 0.1823(7) 0.0765(3) 0.8705(8) 0.0309(16) Uani 1 1 d . . .  
C9  C 0.2040(7) 0.1235(3) 0.9561(7) 0.0308(15) Uani 1 1 d . . .  
H9A H 0.1366 0.1503 0.9202 0.037 Uiso 1 1 calc R . .  
H9B H 0.1831 0.1148 1.0450 0.037 Uiso 1 1 calc R . .  
C10  C 0.3479(9) 0.1955(3) 1.0285(9) 0.045(2) Uani 1 1 d . . .  
H10A H 0.4427 0.2100 1.0359 0.067 Uiso 1 1 calc R . .  
H10B H 0.3195 0.1922 1.1161 0.067 Uiso 1 1 calc R . .  
H10C H 0.2823 0.2183 0.9749 0.067 Uiso 1 1 calc R . .  
C11  C 0.4443(7) 0.1105(3) 1.0486(7) 0.0286(15) Uani 1 1 d . . .  
H11A H 0.4385 0.0756 1.0100 0.034 Uiso 1 1 calc R . .  
H11B H 0.4139 0.1082 1.1365 0.034 Uiso 1 1 calc R . .  
C12 C 0.5952(7) 0.1280(2) 1.0638(7) 0.0246(14) Uani 1 1 d . . .  
C13 C 0.6567(8) 0.1472(3) 1.1849(7) 0.0323(16) Uani 1 1 d . . .  
H13 H 0.6034 0.1477 1.2562 0.039 Uiso 1 1 calc R . .  
C14 C 0.7931(8) 0.1655(3) 1.2037(7) 0.0327(16) Uani 1 1 d . . .  392 
 
H14 H 0.8323 0.1786 1.2868 0.039 Uiso 1 1 calc R . .  
C15 C 0.8709(8) 0.1646(3) 1.1022(7) 0.0340(16) Uani 1 1 d . . .  
H15 H 0.9641 0.1776 1.1140 0.041 Uiso 1 1 calc R . .  
C16 C 0.8143(7) 0.1449(3) 0.9821(7) 0.0296(15) Uani 1 1 d . . .  
H16 H 0.8692 0.1444 0.9120 0.036 Uiso 1 1 calc R . .  
C17 C 0.6783(7) 0.1258(2) 0.9623(6) 0.0244(14) Uani 1 1 d . . .  
C18  C 0.5271(8) 0.0227(3) 0.8170(8) 0.0369(17) Uani 1 1 d . . .  
H18A H 0.4907 0.0048 0.7357 0.055 Uiso 1 1 calc R . .  
H18B H 0.4512 0.0273 0.8707 0.055 Uiso 1 1 calc R . .  
H18C H 0.6023 0.0022 0.8656 0.055 Uiso 1 1 calc R . .  
C19  C 0.8029(8) 0.0661(3) 0.7257(8) 0.0389(18) Uani 1 1 d . . .  
H19A H 0.7887 0.0505 0.6383 0.058 Uiso 1 1 calc R . .  
H19B H 0.8382 0.0401 0.7908 0.058 Uiso 1 1 calc R . .  
H19C H 0.8712 0.0940 0.7271 0.058 Uiso 1 1 calc R . .  
C20 C 0.5225(7) 0.2119(3) 0.7226(8) 0.0324(16) Uani 1 1 d . . .  
C21 C 0.6809(9) 0.1712(3) 0.5550(7) 0.0363(17) Uani 1 1 d . . .  
C22 C 0.4366(8) 0.2061(3) 0.4607(7) 0.0347(16) Uani 1 1 d . . .  
C23 C 0.4775(9) 0.1043(3) 0.4773(7) 0.0390(18) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Cr1 0.0292(6) 0.0233(5) 0.0249(5) 0.0004(4) 0.0028(5) -0.0013(4)  
Sb1 0.0247(2) 0.0227(2) 0.0335(3) 0.00265(19) -0.00190(19) -0.00027(18)  
Sb2 0.0248(2) 0.0233(2) 0.0262(2) -0.00067(18) 0.00178(18) 0.00278(18)  
O1 0.052(3) 0.028(3) 0.045(3) -0.010(2) -0.006(3) 0.001(2)  
O2 0.042(3) 0.055(4) 0.049(4) 0.007(3) 0.014(3) -0.006(3)  
O3 0.069(4) 0.042(3) 0.039(3) 0.011(3) 0.001(3) 0.007(3)  
O4 0.114(6) 0.046(4) 0.050(4) -0.022(3) 0.021(4) -0.011(4)  
N1 0.029(3) 0.021(3) 0.031(3) -0.006(2) 0.000(2) 0.003(2)  
C1 0.036(4) 0.053(5) 0.043(5) 0.005(4) -0.012(4) -0.004(4)  
C2 0.039(4) 0.026(4) 0.068(6) 0.000(4) 0.001(4) 0.013(3)  
C3 0.022(3) 0.025(3) 0.042(4) -0.002(3) 0.002(3) -0.002(3)  
C4 0.030(4) 0.028(4) 0.050(5) -0.003(3) 0.000(3) 0.000(3)  
C5 0.038(4) 0.027(4) 0.064(6) 0.004(4) -0.006(4) -0.008(3)  
C6 0.032(4) 0.024(4) 0.077(6) 0.018(4) -0.005(4) -0.007(3)  
C7 0.023(4) 0.043(4) 0.052(5) 0.013(4) -0.003(3) -0.006(3)  
C8 0.020(3) 0.027(3) 0.045(4) 0.000(3) 0.000(3) -0.002(3)  
C9 0.019(3) 0.034(4) 0.039(4) -0.006(3) 0.005(3) 0.002(3)  
C10 0.046(5) 0.032(4) 0.053(5) -0.016(4) -0.005(4) 0.004(4)  
C11 0.024(3) 0.031(3) 0.032(4) 0.000(3) 0.006(3) -0.002(3)  
C12 0.021(3) 0.017(3) 0.036(4) 0.003(3) 0.000(3) 0.001(2)  
C13 0.034(4) 0.030(4) 0.033(4) -0.001(3) 0.003(3) 0.001(3)  
C14 0.033(4) 0.031(4) 0.032(4) -0.003(3) -0.003(3) -0.002(3)  
C15 0.026(4) 0.030(4) 0.043(4) -0.001(3) -0.009(3) -0.001(3)  
C16 0.026(3) 0.025(3) 0.037(4) -0.002(3) 0.003(3) 0.005(3)  
C17 0.024(3) 0.021(3) 0.027(3) 0.000(3) 0.001(3) 0.003(3)  
C18 0.038(4) 0.022(3) 0.049(5) -0.003(3) 0.004(4) 0.002(3)  
C19 0.031(4) 0.048(5) 0.038(4) 0.000(4) 0.003(3) 0.014(3)     
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C20 0.026(4) 0.027(3) 0.042(4) 0.006(3) -0.004(3) 0.004(3)  
C21 0.043(5) 0.030(4) 0.035(4) 0.000(3) 0.004(4) -0.004(3)  
C22 0.043(4) 0.032(4) 0.030(4) 0.001(3) 0.009(3) 0.000(3)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Cr1 C21 1.835(8) . ?  
Cr1 C22 1.859(8) . ?  
Cr1 C23 1.862(8) . ?  
Cr1 C20 1.902(8) . ?  
Cr1 Sb2 2.5914(12) . ?  
Cr1 Sb1 2.5934(12) . ?  
Sb1 C2 2.122(7) . ?  
Sb1 C1 2.135(8) . ?  
Sb1 C3 2.155(7) . ?  
Sb2 C18 2.134(7) . ?  
Sb2 C17 2.141(7) . ?  
Sb2 C19 2.139(7) . ?  
O1 C20 1.150(9) . ?  
O2 C21 1.162(9) . ?  
O3 C22 1.153(9) . ?  
O4 C23 1.160(9) . ?  
N1 C9 1.466(8) . ?  
N1 C11 1.472(9) . ?  
N1 C10 1.480(9) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
C3 C4 1.392(10) . ?  
C3 C8 1.403(10) . ?  
C4 C5 1.371(10) . ?  
C4 H4 0.9500 . ?  
C5 C6 1.379(12) . ?  
C5 H5 0.9500 . ?  
C6 C7 1.393(12) . ?  
C6 H6 0.9500 . ?  394 
 
C7 C8 1.404(10) . ?  
C7 H7 0.9500 . ?  
C8 C9 1.508(10) . ?  
C9 H9A 0.9900 . ?  
C9 H9B 0.9900 . ?  
C10 H10A 0.9800 . ?  
C10 H10B 0.9800 . ?  
C10 H10C 0.9800 . ?  
C11 C12 1.509(9) . ?  
C11 H11A 0.9900 . ?  
C11 H11B 0.9900 . ?  
C12 C17 1.399(9) . ?  
C12 C13 1.398(10) . ?  
C13 C14 1.385(10) . ?  
C13 H13 0.9500 . ?  
C14 C15 1.365(10) . ?  
C14 H14 0.9500 . ?  
C15 C16 1.381(10) . ?  
C15 H15 0.9500 . ?  
C16 C17 1.388(9) . ?  
C16 H16 0.9500 . ?  
C18 H18A 0.9800 . ?  
C18 H18B 0.9800 . ?  
C18 H18C 0.9800 . ?  
C19 H19A 0.9800 . ?  
C19 H19B 0.9800 . ?  
C19 H19C 0.9800 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C21 Cr1 C22 88.7(3) . . ?  
C21 Cr1 C23 92.1(3) . . ?  
C22 Cr1 C23 92.4(3) . . ?  
C21 Cr1 C20 91.1(3) . . ?  
C22 Cr1 C20 92.5(3) . . ?  
C23 Cr1 C20 174.2(3) . . ?  
C21 Cr1 Sb2 87.9(2) . . ?  
C22 Cr1 Sb2 176.6(2) . . ?  
C23 Cr1 Sb2 87.5(2) . . ?  
C20 Cr1 Sb2 87.8(2) . . ?  
C21 Cr1 Sb1 176.7(2) . . ?  
C22 Cr1 Sb1 88.5(2) . . ?  
C23 Cr1 Sb1 86.2(3) . . ?  
C20 Cr1 Sb1 90.8(2) . . ?  
Sb2 Cr1 Sb1 94.84(4) . . ?  
C2 Sb1 C1 95.8(3) . . ?  
C2 Sb1 C3 106.5(3) . . ?  
C1 Sb1 C3 97.4(3) . . ?     
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C2 Sb1 Cr1 119.8(2) . . ?  
C1 Sb1 Cr1 111.0(2) . . ?  
C3 Sb1 Cr1 121.04(18) . . ?  
C18 Sb2 C17 101.7(3) . . ?  
C18 Sb2 C19 94.6(3) . . ?  
C17 Sb2 C19 98.9(3) . . ?  
C18 Sb2 Cr1 127.8(2) . . ?  
C17 Sb2 Cr1 117.72(17) . . ?  
C19 Sb2 Cr1 110.4(2) . . ?  
C9 N1 C11 109.7(5) . . ?  
C9 N1 C10 108.5(6) . . ?  
C11 N1 C10 108.8(6) . . ?  
Sb1 C1 H1A 109.5 . . ?  
Sb1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Sb1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
Sb1 C2 H2A 109.5 . . ?  
Sb1 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
Sb1 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  
C4 C3 C8 119.3(7) . . ?  
C4 C3 Sb1 116.2(6) . . ?  
C8 C3 Sb1 124.1(5) . . ?  
C5 C4 C3 122.3(8) . . ?  
C5 C4 H4 118.9 . . ?  
C3 C4 H4 118.9 . . ?  
C4 C5 C6 119.2(8) . . ?  
C4 C5 H5 120.4 . . ?  
C6 C5 H5 120.4 . . ?  
C5 C6 C7 119.9(7) . . ?  
C5 C6 H6 120.0 . . ?  
C7 C6 H6 120.0 . . ?  
C6 C7 C8 121.3(8) . . ?  
C6 C7 H7 119.3 . . ?  
C8 C7 H7 119.3 . . ?  
C7 C8 C3 118.0(7) . . ?  
C7 C8 C9 119.2(7) . . ?  
C3 C8 C9 122.8(6) . . ?  
N1 C9 C8 113.4(5) . . ?  
N1 C9 H9A 108.9 . . ?  
C8 C9 H9A 108.9 . . ?  
N1 C9 H9B 108.9 . . ?  
C8 C9 H9B 108.9 . . ?  
H9A C9 H9B 107.7 . . ?  
N1 C10 H10A 109.5 . . ?  
N1 C10 H10B 109.5 . . ?  
H10A C10 H10B 109.5 . . ?  
N1 C10 H10C 109.5 . . ?  
H10A C10 H10C 109.5 . . ?  
H10B C10 H10C 109.5 . . ?  396 
 
N1 C11 C12 114.1(6) . . ?  
N1 C11 H11A 108.7 . . ?  
C12 C11 H11A 108.7 . . ?  
N1 C11 H11B 108.7 . . ?  
C12 C11 H11B 108.7 . . ?  
H11A C11 H11B 107.6 . . ?  
C17 C12 C13 117.7(6) . . ?  
C17 C12 C11 123.2(6) . . ?  
C13 C12 C11 119.1(6) . . ?  
C14 C13 C12 121.8(7) . . ?  
C14 C13 H13 119.1 . . ?  
C12 C13 H13 119.1 . . ?  
C15 C14 C13 119.5(7) . . ?  
C15 C14 H14 120.2 . . ?  
C13 C14 H14 120.2 . . ?  
C14 C15 C16 120.1(7) . . ?  
C14 C15 H15 120.0 . . ?  
C16 C15 H15 120.0 . . ?  
C15 C16 C17 121.0(7) . . ?  
C15 C16 H16 119.5 . . ?  
C17 C16 H16 119.5 . . ?  
C16 C17 C12 119.8(6) . . ?  
C16 C17 Sb2 116.2(5) . . ?  
C12 C17 Sb2 123.9(5) . . ?  
Sb2 C18 H18A 109.5 . . ?  
Sb2 C18 H18B 109.5 . . ?  
H18A C18 H18B 109.5 . . ?  
Sb2 C18 H18C 109.5 . . ?  
H18A C18 H18C 109.5 . . ?  
H18B C18 H18C 109.5 . . ?  
Sb2 C19 H19A 109.5 . . ?  
Sb2 C19 H19B 109.5 . . ?  
H19A C19 H19B 109.5 . . ?  
Sb2 C19 H19C 109.5 . . ?  
H19A C19 H19C 109.5 . . ?  
H19B C19 H19C 109.5 . . ?  
O1 C20 Cr1 178.2(6) . . ?  
O2 C21 Cr1 179.4(8) . . ?  
O3 C22 Cr1 177.1(7) . . ?  
O4 C23 Cr1 179.2(7) . . ?  
 
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C3 C8  C9  N1  -66.7(9) . . . . ?  
C8 C9  N1  C11 -72.7(7) . . . . ?     
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C9 N1  C11 C12 179.1(6) . . . . ?  
N1 C11 C12 C17 -71.3(8) . . . . ?  
 
  
_diffrn_measured_fraction_theta_max    0.968  
_diffrn_reflns_theta_full              27.55  
_diffrn_measured_fraction_theta_full   0.968  
_refine_diff_density_max    1.347  
_refine_diff_density_min   -0.853  








_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '2011-01-14' 
_audit_author_name              'Webster, M.' 




 tetracarbonyl-(bis(N-(2-(dimethylstibanyl)benzyl))-methanamine)-tungsten(0)  
; 
 
# MeN{CH2(o-C6H4(SbMe2))}2 = C19H27NSb2 
# N-[2-(dimethylstibino)benzyl]-1-[2-(dimethylstibino)phenyl]- 
#    N-methylmethanamine       (iLab IUPAC (defaults)) 
# bis(N-(2-(dimethylstibanyl)benzyl))-methanamine (mw) 
 
  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C23 H27 N O4 Sb2 W'  
_chemical_formula_sum            'C23 H27 N O4 Sb2 W' 
_chemical_formula_structural     '(C19 H27 N Sb2) (C O)4 W'  
_chemical_formula_weight          808.81  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  398 
 
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'W'  'W'  -0.8490   6.8722  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            monoclinic  
_symmetry_space_group_name_H-M    'P 21/n' 
_space_group_IT_number             14          




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x+1/2, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x-1/2, -y-1/2, z-1/2'  
  
_cell_length_a                    8.9364(15)  
_cell_length_b                    18.427(3)  
_cell_length_c                    16.230(3)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  100.494(7)  
_cell_angle_gamma                 90.00  
_cell_volume                      2627.9(7)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     120(2)  
_cell_measurement_reflns_used     5305 
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48 
  
_exptl_crystal_description        rhomb  
_exptl_crystal_colour             colourless 
_exptl_crystal_size_max           0.20  
_exptl_crystal_size_mid           0.20  
_exptl_crystal_size_min           0.19  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.044  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1520  
_exptl_absorpt_coefficient_mu     6.434  
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.7791 # 0.5809 # Exptl Tmin & Tmax  
_exptl_absorpt_correction_T_max   1.0000 # 0.7456 # scaled to Tmax=1. 
_exptl_absorpt_process_details     




 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073     
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_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source         'Bruker-Nonius FR591 rotating anode' 
_diffrn_radiation_monochromator  'graphite' 
_diffrn_measurement_device_type  'Bruker-Nonius 95mm CCD camera on \k-goniostat' 
_diffrn_measurement_method        '\f & \w scans' 
_diffrn_detector_area_resol_mean   9.091 
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             17567  
_diffrn_reflns_av_R_equivalents   0.0283  
_diffrn_reflns_av_sigmaI/netI     0.0432  
_diffrn_reflns_limit_h_min        -10  
_diffrn_reflns_limit_h_max        11  
_diffrn_reflns_limit_k_min        -20  
_diffrn_reflns_limit_k_max        23  
_diffrn_reflns_limit_l_min        -21  
_diffrn_reflns_limit_l_max        19  
_diffrn_reflns_theta_min          3.31  
_diffrn_reflns_theta_max          27.50  
_reflns_number_total              5975  
_reflns_number_gt                 5576  
_reflns_threshold_expression      I>2sigma(I)  
  
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'DIRDIF-99 (Beurskens, 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0000P)^2^+1.3614P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  400 
 
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          5975  
_refine_ls_number_parameters      285  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0254  
_refine_ls_R_factor_gt            0.0227  
_refine_ls_wR_factor_ref          0.0498  
_refine_ls_wR_factor_gt           0.0486  
_refine_ls_goodness_of_fit_ref    1.122  
_refine_ls_restrained_S_all       1.122  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
W1 W 0.351274(13) 0.213255(6) 0.254141(7) 0.01407(5) Uani 1 1 d . . .  
Sb1 Sb 0.33046(2) 0.111998(11) 0.128918(12) 0.01710(6) Uani 1 1 d . . .  
Sb2 Sb 0.32378(2) 0.330893(11) 0.145725(13) 0.01703(6) Uani 1 1 d . . .  
O1 O -0.0101(3) 0.21334(13) 0.21623(18) 0.0384(7) Uani 1 1 d . . .  
O2 O 0.3718(3) 0.32495(13) 0.40189(16) 0.0361(6) Uani 1 1 d . . .  
O3 O 0.3580(3) 0.08891(12) 0.38616(15) 0.0317(6) Uani 1 1 d . . .  
O4 O 0.7106(2) 0.19386(12) 0.28882(15) 0.0279(5) Uani 1 1 d . . .  
N1 N 0.5472(3) 0.28050(12) 0.04085(16) 0.0163(6) Uani 1 1 d . . .  
C1  C 0.5013(4) 0.02993(17) 0.1482(2) 0.0330(8) Uani 1 1 d . . .  
H1A H 0.4819 -0.0052 0.1022 0.049 Uiso 1 1 calc R . .  
H1B H 0.4991 0.0050 0.2014 0.049 Uiso 1 1 calc R . .  
H1C H 0.6014 0.0522 0.1501 0.049 Uiso 1 1 calc R . .  
C2  C 0.1325(4) 0.04515(19) 0.1174(2) 0.0354(9) Uani 1 1 d . . .  
H2A H 0.0436 0.0725 0.0893 0.053 Uiso 1 1 calc R . .  
H2B H 0.1170 0.0304 0.1732 0.053 Uiso 1 1 calc R . .  
H2C H 0.1461 0.0020 0.0843 0.053 Uiso 1 1 calc R . .  
C3 C 0.3308(3) 0.13009(16) -0.00133(18) 0.0183(6) Uani 1 1 d . . .  
C4 C 0.2132(3) 0.10194(16) -0.0604(2) 0.0232(7) Uani 1 1 d . . .  
H4 H 0.1293 0.0794 -0.0421 0.028 Uiso 1 1 calc R . .  
C5 C 0.2156(4) 0.10599(17) -0.1451(2) 0.0267(8) Uani 1 1 d . . .  
H5 H 0.1328 0.0874 -0.1846 0.032 Uiso 1 1 calc R . .  
C6 C 0.3383(4) 0.13708(17) -0.1722(2) 0.0260(7) Uani 1 1 d . . .  
H6 H 0.3418 0.1389 -0.2303 0.031 Uiso 1 1 calc R . .  
C7 C 0.4566(3) 0.16562(16) -0.1141(2) 0.0224(7) Uani 1 1 d . . .  
H7 H 0.5414 0.1866 -0.1330 0.027 Uiso 1 1 calc R . .  
C8 C 0.4539(3) 0.16414(15) -0.02851(19) 0.0170(6) Uani 1 1 d . . .  
C9  C 0.5801(3) 0.20224(16) 0.03052(19) 0.0179(6) Uani 1 1 d . . .     
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H9A H 0.5947 0.1782 0.0860 0.021 Uiso 1 1 calc R . .  
H9B H 0.6761 0.1975 0.0087 0.021 Uiso 1 1 calc R . .  
C10  C 0.5306(4) 0.31973(17) -0.03943(19) 0.0242(7) Uani 1 1 d . . .  
H10A H 0.5147 0.3715 -0.0300 0.036 Uiso 1 1 calc R . .  
H10B H 0.4430 0.3004 -0.0785 0.036 Uiso 1 1 calc R . .  
H10C H 0.6230 0.3134 -0.0632 0.036 Uiso 1 1 calc R . .  
C11  C 0.6723(3) 0.31274(16) 0.10022(19) 0.0181(6) Uani 1 1 d . . .  
H11A H 0.7665 0.3109 0.0763 0.022 Uiso 1 1 calc R . .  
H11B H 0.6897 0.2840 0.1526 0.022 Uiso 1 1 calc R . .  
C12 C 0.6394(3) 0.39031(16) 0.12008(19) 0.0193(7) Uani 1 1 d . . .  
C13 C 0.7480(3) 0.44374(18) 0.1193(2) 0.0249(7) Uani 1 1 d . . .  
H13 H 0.8412 0.4315 0.1024 0.030 Uiso 1 1 calc R . .  
C14 C 0.7242(4) 0.51407(18) 0.1423(2) 0.0323(8) Uani 1 1 d . . .  
H14 H 0.8019 0.5494 0.1428 0.039 Uiso 1 1 calc R . .  
C15 C 0.5891(4) 0.53330(17) 0.1644(2) 0.0296(8) Uani 1 1 d . . .  
H15 H 0.5731 0.5816 0.1811 0.036 Uiso 1 1 calc R . .  
C16 C 0.4750(4) 0.48128(16) 0.16205(19) 0.0246(7) Uani 1 1 d . . .  
H16 H 0.3798 0.4949 0.1755 0.029 Uiso 1 1 calc R . .  
C17 C 0.4985(3) 0.40991(16) 0.14032(18) 0.0175(6) Uani 1 1 d . . .  
C18  C 0.1885(3) 0.32559(19) 0.0234(2) 0.0294(8) Uani 1 1 d . . .  
H18A H 0.0816 0.3184 0.0279 0.044 Uiso 1 1 calc R . .  
H18B H 0.2228 0.2850 -0.0074 0.044 Uiso 1 1 calc R . .  
H18C H 0.1988 0.3710 -0.0065 0.044 Uiso 1 1 calc R . .  
C19  C 0.1701(4) 0.40197(18) 0.1946(2) 0.0320(8) Uani 1 1 d . . .  
H19A H 0.1469 0.4440 0.1575 0.048 Uiso 1 1 calc R . .  
H19B H 0.2176 0.4184 0.2507 0.048 Uiso 1 1 calc R . .  
H19C H 0.0758 0.3758 0.1978 0.048 Uiso 1 1 calc R . .  
C20 C 0.1197(4) 0.21423(16) 0.2311(2) 0.0216(7) Uani 1 1 d . . .  
C21 C 0.3650(3) 0.28423(16) 0.3467(2) 0.0213(7) Uani 1 1 d . . .  
C22 C 0.3535(3) 0.13393(17) 0.3363(2) 0.0204(7) Uani 1 1 d . . .  
C23 C 0.5815(4) 0.20354(16) 0.27402(19) 0.0188(7) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
W1 0.01440(7) 0.01530(8) 0.01303(8) 0.00045(4) 0.00383(5) -0.00088(4)  
Sb1 0.02050(11) 0.01579(12) 0.01508(11) -0.00069(8) 0.00342(8) -0.00162(8)  
Sb2 0.01628(10) 0.01610(12) 0.01864(12) 0.00363(8) 0.00294(8) 0.00203(8)  
O1 0.0186(13) 0.0522(18) 0.0451(18) -0.0052(12) 0.0080(11) -0.0013(11)  
O2 0.0337(13) 0.0416(15) 0.0360(16) -0.0222(13) 0.0140(11) -0.0091(12)  
O3 0.0386(13) 0.0268(13) 0.0298(14) 0.0102(11) 0.0066(11) -0.0058(11)  
O4 0.0167(11) 0.0338(13) 0.0326(14) 0.0074(11) 0.0028(10) 0.0008(10)  
N1 0.0181(13) 0.0166(14) 0.0130(14) 0.0031(10) -0.0002(10) -0.0015(10)  
C1 0.049(2) 0.0219(18) 0.028(2) 0.0013(15) 0.0075(16) 0.0115(17)  
C2 0.042(2) 0.035(2) 0.030(2) -0.0028(16) 0.0090(16) -0.0227(17)  
C3 0.0242(15) 0.0171(16) 0.0132(16) -0.0029(12) 0.0025(12) 0.0064(13)  
C4 0.0242(16) 0.0215(17) 0.0220(18) -0.0005(14) -0.0006(13) 0.0029(13)  
C5 0.0362(18) 0.0228(18) 0.0163(17) -0.0047(14) -0.0080(14) 0.0044(15)  
C6 0.0397(19) 0.0225(18) 0.0155(17) -0.0005(14) 0.0046(14) 0.0091(15)  402 
 
C7 0.0274(16) 0.0203(17) 0.0201(18) -0.0002(13) 0.0057(13) 0.0050(14)  
C8 0.0193(14) 0.0137(15) 0.0177(17) 0.0002(12) 0.0025(12) 0.0070(12)  
C9 0.0182(15) 0.0213(16) 0.0157(16) 0.0024(13) 0.0075(12) 0.0030(13)  
C10 0.0315(17) 0.0240(18) 0.0171(17) 0.0078(14) 0.0045(13) -0.0003(14)  
C11 0.0140(14) 0.0242(17) 0.0158(16) 0.0031(13) 0.0022(11) -0.0035(13)  
C12 0.0207(15) 0.0205(16) 0.0141(16) 0.0071(12) -0.0037(12) -0.0037(13)  
C13 0.0224(16) 0.0299(19) 0.0201(18) 0.0074(14) -0.0027(13) -0.0067(14)  
C14 0.040(2) 0.0239(19) 0.028(2) 0.0080(15) -0.0063(15) -0.0132(16)  
C15 0.046(2) 0.0157(17) 0.0238(19) 0.0041(14) -0.0031(15) -0.0017(16)  
C16 0.0364(18) 0.0175(17) 0.0183(17) 0.0056(13) 0.0010(14) 0.0002(14)  
C17 0.0229(15) 0.0169(16) 0.0111(15) 0.0047(12) -0.0009(12) -0.0012(13)  
C18 0.0258(17) 0.035(2) 0.0240(19) 0.0061(15) -0.0039(14) 0.0011(15)  
C19 0.0304(18) 0.0257(19) 0.043(2) 0.0036(16) 0.0147(16) 0.0116(15)  
C20 0.0214(17) 0.0209(19) 0.0232(19) -0.0007(13) 0.0057(13) -0.0032(13)  
C21 0.0174(16) 0.0233(19) 0.025(2) 0.0013(14) 0.0096(13) -0.0052(12)  
C22 0.0187(15) 0.0186(16) 0.0238(18) -0.0025(14) 0.0034(13) -0.0025(13)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
W1 C22 1.976(3) . ?  
W1 C21 1.978(3) . ?  
W1 C23 2.032(3) . ?  
W1 C20 2.035(3) . ?  
W1 Sb1 2.7402(4) . ?  
W1 Sb2 2.7745(4) . ?  
Sb1 C1 2.131(3) . ?  
Sb1 C2 2.136(3) . ?  
Sb1 C3 2.141(3) . ?  
Sb2 C18 2.130(3) . ?  
Sb2 C17 2.149(3) . ?  
Sb2 C19 2.151(3) . ?  
O1 C20 1.141(4) . ?  
O2 C21 1.162(4) . ?  
O3 C22 1.155(4) . ?  
O4 C23 1.148(3) . ?  
N1 C11 1.463(3) . ?  
N1 C10 1.474(4) . ?  
N1 C9 1.487(3) . ?  
C1 H1A 0.9800 . ?     
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C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
C3 C4 1.388(4) . ?  
C3 C8 1.405(4) . ?  
C4 C5 1.382(4) . ?  
C4 H4 0.9500 . ?  
C5 C6 1.379(4) . ?  
C5 H5 0.9500 . ?  
C6 C7 1.386(4) . ?  
C6 H6 0.9500 . ?  
C7 C8 1.394(4) . ?  
C7 H7 0.9500 . ?  
C8 C9 1.513(4) . ?  
C9 H9A 0.9900 . ?  
C9 H9B 0.9900 . ?  
C10 H10A 0.9800 . ?  
C10 H10B 0.9800 . ?  
C10 H10C 0.9800 . ?  
C11 C12 1.506(4) . ?  
C11 H11A 0.9900 . ?  
C11 H11B 0.9900 . ?  
C12 C13 1.384(4) . ?  
C12 C17 1.405(4) . ?  
C13 C14 1.376(5) . ?  
C13 H13 0.9500 . ?  
C14 C15 1.367(5) . ?  
C14 H14 0.9500 . ?  
C15 C16 1.395(4) . ?  
C15 H15 0.9500 . ?  
C16 C17 1.387(4) . ?  
C16 H16 0.9500 . ?  
C18 H18A 0.9800 . ?  
C18 H18B 0.9800 . ?  
C18 H18C 0.9800 . ?  
C19 H19A 0.9800 . ?  
C19 H19B 0.9800 . ?  
C19 H19C 0.9800 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C22 W1 C21 89.15(13) . . ?  
C22 W1 C23 86.68(12) . . ?  
C21 W1 C23 90.95(12) . . ?  
C22 W1 C20 90.88(12) . . ?  
C21 W1 C20 93.09(12) . . ?  404 
 
C23 W1 C20 175.25(12) . . ?  
C22 W1 Sb1 89.30(9) . . ?  
C21 W1 Sb1 178.41(9) . . ?  
C23 W1 Sb1 89.30(9) . . ?  
C20 W1 Sb1 86.59(9) . . ?  
C22 W1 Sb2 174.07(9) . . ?  
C21 W1 Sb2 87.20(9) . . ?  
C23 W1 Sb2 98.03(8) . . ?  
C20 W1 Sb2 84.67(9) . . ?  
Sb1 W1 Sb2 94.325(14) . . ?  
C1 Sb1 C2 99.41(14) . . ?  
C1 Sb1 C3 97.23(12) . . ?  
C2 Sb1 C3 98.83(13) . . ?  
C1 Sb1 W1 115.09(10) . . ?  
C2 Sb1 W1 113.64(10) . . ?  
C3 Sb1 W1 127.90(8) . . ?  
C18 Sb2 C17 106.65(12) . . ?  
C18 Sb2 C19 94.55(14) . . ?  
C17 Sb2 C19 96.89(12) . . ?  
C18 Sb2 W1 121.66(9) . . ?  
C17 Sb2 W1 125.05(7) . . ?  
C19 Sb2 W1 103.33(10) . . ?  
C11 N1 C10 109.0(2) . . ?  
C11 N1 C9 109.0(2) . . ?  
C10 N1 C9 111.5(2) . . ?  
Sb1 C1 H1A 109.5 . . ?  
Sb1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Sb1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
Sb1 C2 H2A 109.5 . . ?  
Sb1 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
Sb1 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  
C4 C3 C8 119.2(3) . . ?  
C4 C3 Sb1 119.1(2) . . ?  
C8 C3 Sb1 121.4(2) . . ?  
C5 C4 C3 121.3(3) . . ?  
C5 C4 H4 119.3 . . ?  
C3 C4 H4 119.3 . . ?  
C6 C5 C4 119.8(3) . . ?  
C6 C5 H5 120.1 . . ?  
C4 C5 H5 120.1 . . ?  
C5 C6 C7 119.6(3) . . ?  
C5 C6 H6 120.2 . . ?  
C7 C6 H6 120.2 . . ?  
C6 C7 C8 121.4(3) . . ?  
C6 C7 H7 119.3 . . ?  
C8 C7 H7 119.3 . . ?  
C7 C8 C3 118.6(3) . . ?  
C7 C8 C9 118.4(3) . . ?     
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C3 C8 C9 123.0(3) . . ?  
N1 C9 C8 112.4(2) . . ?  
N1 C9 H9A 109.1 . . ?  
C8 C9 H9A 109.1 . . ?  
N1 C9 H9B 109.1 . . ?  
C8 C9 H9B 109.1 . . ?  
H9A C9 H9B 107.9 . . ?  
N1 C10 H10A 109.5 . . ?  
N1 C10 H10B 109.5 . . ?  
H10A C10 H10B 109.5 . . ?  
N1 C10 H10C 109.5 . . ?  
H10A C10 H10C 109.5 . . ?  
H10B C10 H10C 109.5 . . ?  
N1 C11 C12 111.8(2) . . ?  
N1 C11 H11A 109.3 . . ?  
C12 C11 H11A 109.3 . . ?  
N1 C11 H11B 109.3 . . ?  
C12 C11 H11B 109.3 . . ?  
H11A C11 H11B 107.9 . . ?  
C13 C12 C17 118.6(3) . . ?  
C13 C12 C11 120.6(3) . . ?  
C17 C12 C11 120.8(3) . . ?  
C14 C13 C12 121.6(3) . . ?  
C14 C13 H13 119.2 . . ?  
C12 C13 H13 119.2 . . ?  
C15 C14 C13 120.2(3) . . ?  
C15 C14 H14 119.9 . . ?  
C13 C14 H14 119.9 . . ?  
C14 C15 C16 119.4(3) . . ?  
C14 C15 H15 120.3 . . ?  
C16 C15 H15 120.3 . . ?  
C17 C16 C15 120.9(3) . . ?  
C17 C16 H16 119.5 . . ?  
C15 C16 H16 119.5 . . ?  
C16 C17 C12 119.1(3) . . ?  
C16 C17 Sb2 119.2(2) . . ?  
C12 C17 Sb2 121.6(2) . . ?  
Sb2 C18 H18A 109.5 . . ?  
Sb2 C18 H18B 109.5 . . ?  
H18A C18 H18B 109.5 . . ?  
Sb2 C18 H18C 109.5 . . ?  
H18A C18 H18C 109.5 . . ?  
H18B C18 H18C 109.5 . . ?  
Sb2 C19 H19A 109.5 . . ?  
Sb2 C19 H19B 109.5 . . ?  
H19A C19 H19B 109.5 . . ?  
Sb2 C19 H19C 109.5 . . ?  
H19A C19 H19C 109.5 . . ?  
H19B C19 H19C 109.5 . . ?  
O1 C20 W1 177.9(3) . . ?  
O2 C21 W1 178.7(3) . . ?  
O3 C22 W1 177.8(3) . . ?  
O4 C23 W1 175.1(3) . . ?  
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loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C3 C8  C9  N1   -90.6(3) . . . . ?  
C8 C9  N1  C11  178.6(2) . . . . ?  
C9 N1  C11 C12 -174.5(2) . . . . ?  






_geom_contact_distance    
_geom_contact_site_symmetry_1   
_geom_contact_site_symmetry_2   
_geom_contact_publ_flag 
Sb1  N1  4.055(2)    .  .  ? 
Sb2  N1  2.997(3)    .  .  ? 
Sb1  Sb2 4.0439(6)   .  .  ? 
W1   N1  4.335(3)    .  .  ?        
 
 
_diffrn_measured_fraction_theta_max    0.989  
_diffrn_reflns_theta_full              27.50  
_diffrn_measured_fraction_theta_full   0.989  
_refine_diff_density_max    0.669  
_refine_diff_density_min   -0.841  








_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '2010-09-26' 
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 Tricarbonyl(bis[(2-dimethylstibino)benzyl]sulfide)chromium(0)   
; 
 
# [{o-C6H4(SbMe2)(CH2)}2S] = [C18H24SSb2]    
407 
 
# [thiobis(methylene-2,1-phenylene)]bis(dimethylstibine) (iLab defaults)  
# [sulfanediylbis(methanediylbenzene-2,1-diyl)]bis(dimethylstibane) (iLab selected 
options) 
# bis[(2-dimethylstibino)benzyl]sulfide  (based on slb suggestion) 
# bis[(2-dimethylstibanyl)benzyl]sulfane (based on slb suggestion) 
  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C21 H24 Cr O3 S Sb2'  
_chemical_formula_sum            'C21 H24 Cr O3 S Sb2'  
_chemical_formula_structural     '(C18 H24 S Sb2) Cr (C O)3'  
_chemical_formula_weight          651.96  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'S'  'S'   0.1246   0.1234  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cr'  'Cr'   0.3209   0.6236  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            monoclinic  
_symmetry_space_group_name_H-M   'P 2(1)/c' 
_space_group_name_Hall       '-P 2ybc' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    12.6781(10)  
_cell_length_b                    11.2606(10)  
_cell_length_c                    16.5520(15)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  90.357(5)  
_cell_angle_gamma                 90.00  
_cell_volume                      2363.0(4)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     120(2)  408 
 
_cell_measurement_reflns_used     23271  
_cell_measurement_theta_min       2.91  
_cell_measurement_theta_max       27.48 
  
_exptl_crystal_description        rhombus  
_exptl_crystal_colour             yellow  
_exptl_crystal_size_max           0.08  
_exptl_crystal_size_mid           0.08  
_exptl_crystal_size_min           0.02  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.833  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1264  
_exptl_absorpt_coefficient_mu     2.828  
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.8574 # Exptl Tmin  
_exptl_absorpt_correction_T_max   1.0000 # and Tmax  




 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source          'Bruker-Nonius FR591 rotating anode' 
_diffrn_radiation_monochromator   '10cm confocal mirrors' 
_diffrn_measurement_device_type   'Bruker-Nonius APEX II CCD camera on \k-goniostat' 
_diffrn_measurement_method        '\f & \w scans' 
_diffrn_detector_area_resol_mean  '4096x4096pixels / 62x62mm' 
_diffrn_standards_number          0 
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             29464  
_diffrn_reflns_av_R_equivalents   0.0413  
_diffrn_reflns_av_sigmaI/netI     0.0333  
_diffrn_reflns_limit_h_min        -16  
_diffrn_reflns_limit_h_max        16  
_diffrn_reflns_limit_k_min        -12  
_diffrn_reflns_limit_k_max        14  
_diffrn_reflns_limit_l_min        -21  
_diffrn_reflns_limit_l_max        21  
_diffrn_reflns_theta_min          2.93  
_diffrn_reflns_theta_max          27.54  
_reflns_number_total              5404  
_reflns_number_gt                 4746  
_reflns_threshold_expression      I>2sigma(I)  
 
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)'    
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_computing_structure_solution     'DIRDIF-99 (Beurskens, 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0000P)^2^+7.1018P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          5404  
_refine_ls_number_parameters      253  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0414  
_refine_ls_R_factor_gt            0.0332  
_refine_ls_wR_factor_ref          0.0641  
_refine_ls_wR_factor_gt           0.0606  
_refine_ls_goodness_of_fit_ref    1.129  
_refine_ls_restrained_S_all       1.129  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Cr1 Cr 0.28764(4) 0.12582(5) 0.79887(3) 0.01925(12) Uani 1 1 d . . .  410 
 
Sb1 Sb 0.315430(18) 0.23729(2) 0.663225(14) 0.01941(7) Uani 1 1 d . . .  
Sb2 Sb 0.106127(18) 0.03685(2) 0.757348(15) 0.02182(7) Uani 1 1 d . . .  
S1 S 0.37245(7) -0.04540(8) 0.74067(5) 0.02001(18) Uani 1 1 d . . .  
O1 O 0.2681(3) 0.0074(3) 0.96016(17) 0.0430(8) Uani 1 1 d . . .  
O2 O 0.1991(2) 0.3538(3) 0.86330(18) 0.0361(7) Uani 1 1 d . . .  
O3 O 0.5014(2) 0.1976(3) 0.85955(19) 0.0389(7) Uani 1 1 d . . .  
C1 C 0.3377(3) 0.4247(3) 0.6657(3) 0.0315(9) Uani 1 1 d . . .  
H1A H 0.2750 0.4628 0.6884 0.047 Uiso 1 1 calc R . .  
H1B H 0.3490 0.4538 0.6106 0.047 Uiso 1 1 calc R . .  
H1C H 0.3993 0.4438 0.6993 0.047 Uiso 1 1 calc R . .  
C2 C 0.2121(3) 0.2263(4) 0.5609(2) 0.0337(9) Uani 1 1 d . . .  
H2A H 0.1412 0.2518 0.5764 0.051 Uiso 1 1 calc R . .  
H2B H 0.2095 0.1441 0.5415 0.051 Uiso 1 1 calc R . .  
H2C H 0.2384 0.2779 0.5178 0.051 Uiso 1 1 calc R . .  
C3 C 0.4602(3) 0.1776(3) 0.6125(2) 0.0225(8) Uani 1 1 d . . .  
C4 C 0.5394(3) 0.2561(4) 0.5898(2) 0.0256(8) Uani 1 1 d . . .  
H4 H 0.5258 0.3391 0.5892 0.031 Uiso 1 1 calc R . .  
C5 C 0.6377(3) 0.2144(4) 0.5680(2) 0.0292(9) Uani 1 1 d . . .  
H5 H 0.6906 0.2687 0.5514 0.035 Uiso 1 1 calc R . .  
C6 C 0.6594(3) 0.0945(4) 0.5702(2) 0.0292(9) Uani 1 1 d . . .  
H6 H 0.7278 0.0666 0.5568 0.035 Uiso 1 1 calc R . .  
C7 C 0.5813(3) 0.0144(4) 0.5920(2) 0.0256(8) Uani 1 1 d . . .  
H7 H 0.5961 -0.0683 0.5928 0.031 Uiso 1 1 calc R . .  
C8 C 0.4809(3) 0.0552(3) 0.6127(2) 0.0210(7) Uani 1 1 d . . .  
C9 C 0.3955(3) -0.0341(3) 0.6317(2) 0.0209(7) Uani 1 1 d . . .  
H9A H 0.4163 -0.1129 0.6106 0.025 Uiso 1 1 calc R . .  
H9B H 0.3293 -0.0102 0.6043 0.025 Uiso 1 1 calc R . .  
C10 C 0.2873(3) -0.1781(3) 0.7407(2) 0.0232(8) Uani 1 1 d . . .  
H10A H 0.3329 -0.2492 0.7362 0.028 Uiso 1 1 calc R . .  
H10B H 0.2512 -0.1824 0.7935 0.028 Uiso 1 1 calc R . .  
C11 C 0.2050(3) -0.1842(3) 0.6752(2) 0.0216(7) Uani 1 1 d . . .  
C12 C 0.2135(3) -0.2735(3) 0.6174(2) 0.0251(8) Uani 1 1 d . . .  
H12 H 0.2722 -0.3258 0.6188 0.030 Uiso 1 1 calc R . .  
C13 C 0.1373(3) -0.2868(4) 0.5581(2) 0.0324(9) Uani 1 1 d . . .  
H13 H 0.1424 -0.3501 0.5204 0.039 Uiso 1 1 calc R . .  
C14 C 0.0540(3) -0.2088(4) 0.5535(3) 0.0345(10) Uani 1 1 d . . .  
H14 H 0.0023 -0.2175 0.5121 0.041 Uiso 1 1 calc R . .  
C15 C 0.0457(3) -0.1175(4) 0.6092(2) 0.0298(9) Uani 1 1 d . . .  
H15 H -0.0112 -0.0629 0.6050 0.036 Uiso 1 1 calc R . .  
C16 C 0.1197(3) -0.1044(3) 0.6714(2) 0.0208(7) Uani 1 1 d . . .  
C17 C 0.0181(3) -0.0532(4) 0.8491(3) 0.0364(10) Uani 1 1 d . . .  
H17A H 0.0051 0.0013 0.8941 0.055 Uiso 1 1 calc R . .  
H17B H 0.0585 -0.1218 0.8686 0.055 Uiso 1 1 calc R . .  
H17C H -0.0494 -0.0802 0.8265 0.055 Uiso 1 1 calc R . .  
C18 C -0.0246(3) 0.1286(4) 0.7057(3) 0.0372(10) Uani 1 1 d . . .  
H18A H -0.0415 0.1979 0.7390 0.056 Uiso 1 1 calc R . .  
H18B H -0.0858 0.0754 0.7034 0.056 Uiso 1 1 calc R . .  
H18C H -0.0068 0.1546 0.6510 0.056 Uiso 1 1 calc R . .  
C19 C 0.2740(3) 0.0506(3) 0.8971(2) 0.0268(8) Uani 1 1 d . . .  
C20 C 0.2304(3) 0.2637(3) 0.8387(2) 0.0245(8) Uani 1 1 d . . .  
C21 C 0.4193(3) 0.1720(3) 0.8332(2) 0.0245(8) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label     
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 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Cr1 0.0221(3) 0.0184(3) 0.0173(3) -0.0004(2) 0.0018(2) -0.0030(2)  
Sb1 0.01977(12) 0.01861(12) 0.01987(12) 0.00275(9) -0.00008(9) -0.00023(9)  
Sb2 0.01971(12) 0.01850(13) 0.02733(14) -0.00298(9) 0.00560(9) -0.00187(9)  
S1 0.0199(4) 0.0199(4) 0.0203(4) 0.0016(3) -0.0010(3) -0.0015(3)  
O1 0.075(2) 0.0314(16) 0.0227(15) 0.0040(12) 0.0059(14) -0.0099(16)  
O2 0.0319(15) 0.0304(16) 0.0460(18) -0.0121(13) 0.0074(13) 0.0007(13)  
O3 0.0331(16) 0.0340(17) 0.0493(19) -0.0047(14) -0.0122(14) -0.0069(14)  
C1 0.032(2) 0.021(2) 0.042(2) 0.0026(17) 0.0013(18) 0.0006(17)  
C2 0.032(2) 0.040(2) 0.029(2) 0.0046(18) -0.0073(17) -0.0011(19)  
C3 0.0227(18) 0.031(2) 0.0141(17) 0.0019(14) 0.0010(13) 0.0007(16)  
C4 0.031(2) 0.026(2) 0.0195(18) -0.0004(15) 0.0015(15) -0.0079(16)  
C5 0.027(2) 0.039(2) 0.0223(19) -0.0021(17) 0.0068(15) -0.0118(18)  
C6 0.0205(18) 0.043(2) 0.025(2) -0.0064(17) 0.0049(15) -0.0019(17)  
C7 0.0272(19) 0.029(2) 0.0211(19) -0.0048(15) 0.0018(15) 0.0011(16)  
C8 0.0208(17) 0.028(2) 0.0140(17) -0.0004(14) -0.0017(13) 0.0002(15)  
C9 0.0222(18) 0.0198(18) 0.0206(18) -0.0016(14) 0.0010(14) 0.0010(15)  
C10 0.0233(18) 0.0190(18) 0.0272(19) 0.0071(15) 0.0008(15) -0.0030(15)  
C11 0.0217(17) 0.0169(17) 0.0262(19) 0.0028(14) 0.0027(14) -0.0036(15)  
C12 0.0205(18) 0.0232(19) 0.032(2) -0.0036(15) 0.0094(15) -0.0025(15)  
C13 0.029(2) 0.035(2) 0.034(2) -0.0115(18) 0.0056(17) -0.0071(18)  
C14 0.0223(19) 0.047(3) 0.034(2) -0.0115(19) -0.0060(17) -0.0051(19)  
C15 0.0182(18) 0.036(2) 0.035(2) -0.0087(18) -0.0016(16) -0.0009(17)  
C16 0.0173(17) 0.0179(17) 0.0274(19) -0.0011(14) 0.0047(14) -0.0028(14)  
C17 0.040(2) 0.029(2) 0.041(2) -0.0024(18) 0.0179(19) -0.0081(19)  
C18 0.031(2) 0.032(2) 0.049(3) -0.002(2) 0.0031(19) 0.0090(19)  
C19 0.036(2) 0.0194(19) 0.025(2) -0.0061(15) 0.0033(16) -0.0041(16)  
C20 0.0197(18) 0.029(2) 0.0248(19) -0.0030(16) 0.0046(14) -0.0056(16)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Cr1 C21 1.835(4) . ?  
Cr1 C20 1.838(4) . ?  
Cr1 C19 1.842(4) . ?  412 
 
Cr1 S1 2.4114(11) . ?  
Cr1 Sb1 2.5982(6) . ?  
Cr1 Sb2 2.5985(6) . ?  
Sb1 C1 2.129(4) . ?  
Sb1 C3 2.131(4) . ?  
Sb1 C2 2.139(4) . ?  
Sb2 C18 2.128(4) . ?  
Sb2 C16 2.141(4) . ?  
Sb2 C17 2.145(4) . ?  
S1 C9 1.833(4) . ?  
S1 C10 1.844(4) . ?  
O1 C19 1.155(5) . ?  
O2 C20 1.164(5) . ?  
O3 C21 1.162(4) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
C3 C4 1.391(5) . ?  
C3 C8 1.403(5) . ?  
C4 C5 1.382(5) . ?  
C4 H4 0.9500 . ?  
C5 C6 1.378(6) . ?  
C5 H5 0.9500 . ?  
C6 C7 1.388(5) . ?  
C6 H6 0.9500 . ?  
C7 C8 1.398(5) . ?  
C7 H7 0.9500 . ?  
C8 C9 1.512(5) . ?  
C9 H9A 0.9900 . ?  
C9 H9B 0.9900 . ?  
C10 C11 1.501(5) . ?  
C10 H10A 0.9900 . ?  
C10 H10B 0.9900 . ?  
C11 C12 1.392(5) . ?  
C11 C16 1.407(5) . ?  
C12 C13 1.381(5) . ?  
C12 H12 0.9500 . ?  
C13 C14 1.374(6) . ?  
C13 H13 0.9500 . ?  
C14 C15 1.386(6) . ?  
C14 H14 0.9500 . ?  
C15 C16 1.397(5) . ?  
C15 H15 0.9500 . ?  
C17 H17A 0.9800 . ?  
C17 H17B 0.9800 . ?  
C17 H17C 0.9800 . ?  
C18 H18A 0.9800 . ?  
C18 H18B 0.9800 . ?  
C18 H18C 0.9800 . ?  
  
loop_     
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 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C21 Cr1 C20 90.54(16) . . ?  
C21 Cr1 C19 86.95(17) . . ?  
C20 Cr1 C19 91.86(17) . . ?  
C21 Cr1 S1 86.77(12) . . ?  
C20 Cr1 S1 175.42(12) . . ?  
C19 Cr1 S1 91.69(12) . . ?  
C21 Cr1 Sb1 90.16(12) . . ?  
C20 Cr1 Sb1 87.58(12) . . ?  
C19 Cr1 Sb1 177.05(12) . . ?  
S1 Cr1 Sb1 88.73(3) . . ?  
C21 Cr1 Sb2 173.46(12) . . ?  
C20 Cr1 Sb2 94.01(11) . . ?  
C19 Cr1 Sb2 88.20(12) . . ?  
S1 Cr1 Sb2 88.99(3) . . ?  
Sb1 Cr1 Sb2 94.72(2) . . ?  
C1 Sb1 C3 101.86(15) . . ?  
C1 Sb1 C2 98.81(16) . . ?  
C3 Sb1 C2 101.21(15) . . ?  
C1 Sb1 Cr1 118.73(12) . . ?  
C3 Sb1 Cr1 108.04(10) . . ?  
C2 Sb1 Cr1 124.82(12) . . ?  
C18 Sb2 C16 99.18(16) . . ?  
C18 Sb2 C17 96.12(18) . . ?  
C16 Sb2 C17 99.41(15) . . ?  
C18 Sb2 Cr1 127.26(12) . . ?  
C16 Sb2 Cr1 112.79(9) . . ?  
C17 Sb2 Cr1 117.30(13) . . ?  
C9 S1 C10 98.82(16) . . ?  
C9 S1 Cr1 114.32(12) . . ?  
C10 S1 Cr1 112.68(13) . . ?  
Sb1 C1 H1A 109.5 . . ?  
Sb1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Sb1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
Sb1 C2 H2A 109.5 . . ?  
Sb1 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
Sb1 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  
C4 C3 C8 119.3(3) . . ?  
C4 C3 Sb1 122.1(3) . . ?  
C8 C3 Sb1 118.1(3) . . ?  
C5 C4 C3 120.5(4) . . ?  
C5 C4 H4 119.7 . . ?  414 
 
C3 C4 H4 119.7 . . ?  
C6 C5 C4 120.4(4) . . ?  
C6 C5 H5 119.8 . . ?  
C4 C5 H5 119.8 . . ?  
C5 C6 C7 120.0(4) . . ?  
C5 C6 H6 120.0 . . ?  
C7 C6 H6 120.0 . . ?  
C6 C7 C8 120.1(4) . . ?  
C6 C7 H7 119.9 . . ?  
C8 C7 H7 119.9 . . ?  
C7 C8 C3 119.6(3) . . ?  
C7 C8 C9 119.1(3) . . ?  
C3 C8 C9 121.3(3) . . ?  
C8 C9 S1 111.7(2) . . ?  
C8 C9 H9A 109.3 . . ?  
S1 C9 H9A 109.3 . . ?  
C8 C9 H9B 109.3 . . ?  
S1 C9 H9B 109.3 . . ?  
H9A C9 H9B 107.9 . . ?  
C11 C10 S1 116.2(2) . . ?  
C11 C10 H10A 108.2 . . ?  
S1 C10 H10A 108.2 . . ?  
C11 C10 H10B 108.2 . . ?  
S1 C10 H10B 108.2 . . ?  
H10A C10 H10B 107.4 . . ?  
C12 C11 C16 119.6(3) . . ?  
C12 C11 C10 118.2(3) . . ?  
C16 C11 C10 122.2(3) . . ?  
C13 C12 C11 120.6(4) . . ?  
C13 C12 H12 119.7 . . ?  
C11 C12 H12 119.7 . . ?  
C14 C13 C12 120.3(4) . . ?  
C14 C13 H13 119.9 . . ?  
C12 C13 H13 119.9 . . ?  
C13 C14 C15 119.9(4) . . ?  
C13 C14 H14 120.1 . . ?  
C15 C14 H14 120.1 . . ?  
C14 C15 C16 121.0(4) . . ?  
C14 C15 H15 119.5 . . ?  
C16 C15 H15 119.5 . . ?  
C15 C16 C11 118.5(3) . . ?  
C15 C16 Sb2 120.8(3) . . ?  
C11 C16 Sb2 120.7(3) . . ?  
Sb2 C17 H17A 109.5 . . ?  
Sb2 C17 H17B 109.5 . . ?  
H17A C17 H17B 109.5 . . ?  
Sb2 C17 H17C 109.5 . . ?  
H17A C17 H17C 109.5 . . ?  
H17B C17 H17C 109.5 . . ?  
Sb2 C18 H18A 109.5 . . ?  
Sb2 C18 H18B 109.5 . . ?  
H18A C18 H18B 109.5 . . ?  
Sb2 C18 H18C 109.5 . . ?  
H18A C18 H18C 109.5 . . ?     
415 
 
H18B C18 H18C 109.5 . . ?  
O1 C19 Cr1 177.0(3) . . ?  
O2 C20 Cr1 176.6(3) . . ?  
O3 C21 Cr1 175.7(3) . . ?  
  
_diffrn_measured_fraction_theta_max    0.993  
_diffrn_reflns_theta_full              27.54  
_diffrn_measured_fraction_theta_full   0.993  
_refine_diff_density_max    0.636  
_refine_diff_density_min   -0.504  








_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '2010-04-17' 
_audit_author_name              'Webster, M.' 





 (eta^5^-cyclopentadienyl)iron(II)}] bis(tetrafluoroborate)  
; 
 
# Me2Sb(CH2)2O(CH2)2SbMe2 = C8H20OSb2 
# (oxydiethane-2,1-diyl)bis(dimethylstibine) (ACD iLab defaults) 
# (oxydiethane-2,1-diyl)bis(dimethylstibane) (iLab selected options) 
# 1,5-bis(dimethylstibino)-3-oxapentane      (see CSD refcode RIPNOU) 
# 1,5-bis(dimethylstibanyl)-3-oxapentane     (from above) 
   
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C22 H30 Fe2 O5 Sb2 2+, 2(B F4 1-)'  
_chemical_formula_sum            'C22 H30 B2 F8 Fe2 O5 Sb2'  
_chemical_formula_structural     '(C8 H20 O1 Sb2) 2(Fe 2(CO) (C5 H5))'   
_chemical_formula_weight          903.28  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'B'  'B'   0.0013   0.0007  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  416 
 
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Fe'  'Fe'   0.3463   0.8444  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 
_symmetry_cell_setting            monoclinic  
_symmetry_space_group_name_H-M    'P 21/n' 
_space_group_IT_number             14          




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x+1/2, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x-1/2, -y-1/2, z-1/2'  
  
_cell_length_a                    8.0949(15)  
_cell_length_b                    14.664(3)  
_cell_length_c                    25.465(5)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  96.009(10)  
_cell_angle_gamma                 90.00  
_cell_volume                      3006.2(10)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     120(2) 
_cell_measurement_reflns_used     81767  
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48  
  
_exptl_crystal_description        plate  
_exptl_crystal_colour             orange 
_exptl_crystal_size_max           0.15  
_exptl_crystal_size_mid           0.10  
_exptl_crystal_size_min           0.01  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.996  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1752  
_exptl_absorpt_coefficient_mu     2.805 
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.7500 # shelxl 0.6784  
_exptl_absorpt_correction_T_max   1.0000 #        0.9725  
_exptl_absorpt_process_details  









_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source          'Bruker-Nonius FR591 rotating anode'  
_diffrn_radiation_monochromator   '10cm confocal mirrors' 
_diffrn_measurement_device_type   
                       'Bruker-Nonius 95mm CCD camera on \k-goniostat'  
_diffrn_measurement_method        '\f & \w scans' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             27948  
_diffrn_reflns_av_R_equivalents   0.0890  
_diffrn_reflns_av_sigmaI/netI     0.0785  
_diffrn_reflns_limit_h_min        -9  
_diffrn_reflns_limit_h_max        9  
_diffrn_reflns_limit_k_min        -18  
_diffrn_reflns_limit_k_max        17  
_diffrn_reflns_limit_l_min        -31  
_diffrn_reflns_limit_l_max        31  
_diffrn_reflns_theta_min          2.92  
_diffrn_reflns_theta_max          26.00  
_reflns_number_total              5858  
_reflns_number_gt                 4266  
_reflns_threshold_expression      I>2sigma(I)  
  
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'DIRDIF-99 (Beurskens, 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0000P)^2^+66.4048P] where P=(Fo^2^+2Fc^2^)/3'  418 
 
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          5858  
_refine_ls_number_parameters      370  
_refine_ls_number_restraints      11  
_refine_ls_R_factor_all           0.1232  
_refine_ls_R_factor_gt            0.0844  
_refine_ls_wR_factor_ref          0.1622  
_refine_ls_wR_factor_gt           0.1442  
_refine_ls_goodness_of_fit_ref    1.149  
_refine_ls_restrained_S_all       1.148  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Fe1 Fe 0.22090(18) 0.04692(11) 0.09441(6) 0.0238(4) Uani 1 1 d . . .  
Fe2 Fe 0.24645(19) 0.29855(11) -0.17134(6) 0.0268(4) Uani 1 1 d . . .  
Sb1 Sb 0.23595(9) 0.21037(5) 0.12016(3) 0.0268(2) Uani 1 1 d . . .  
Sb2 Sb 0.24528(10) 0.44912(5) -0.12644(3) 0.0274(2) Uani 1 1 d . . .  
O1 O 0.1300(9) 0.3906(6) -0.0155(3) 0.035(2) Uani 1 1 d . . .  
O2 O 0.1301(11) 0.0846(6) -0.0171(3) 0.044(2) Uani 1 1 d . . .  
O3 O -0.1147(10) 0.0318(6) 0.1253(4) 0.042(2) Uani 1 1 d . . .  
O4 O -0.1107(11) 0.2687(7) -0.1744(4) 0.055(3) Uani 1 1 d U . .  
O5 O 0.2414(11) 0.3949(7) -0.2718(4) 0.043(2) Uani 1 1 d . . .  
C1 C 0.4363(17) 0.2472(9) 0.1770(6) 0.046(4) Uani 1 1 d . . .  
H1A H 0.4429 0.2039 0.2065 0.068 Uiso 1 1 calc R . .  
H1B H 0.4178 0.3088 0.1902 0.068 Uiso 1 1 calc R . .  
H1C H 0.5405 0.2459 0.1606 0.068 Uiso 1 1 calc R . .  
C2 C 0.0308(16) 0.2554(10) 0.1590(5) 0.043(3) Uani 1 1 d . . .  
H2A H 0.0118 0.2125 0.1873 0.065 Uiso 1 1 calc R . .  
H2B H -0.0687 0.2583 0.1336 0.065 Uiso 1 1 calc R . .  
H2C H 0.0545 0.3160 0.1741 0.065 Uiso 1 1 calc R . .  
C3 C 0.2497(14) 0.3131(8) 0.0622(5) 0.029(3) Uani 1 1 d . . .  
H3A H 0.2571 0.3731 0.0800 0.035 Uiso 1 1 calc R . .  
H3B H 0.3534 0.3043 0.0454 0.035 Uiso 1 1 calc R . .  
C4 C 0.1046(16) 0.3155(8) 0.0190(5) 0.034(3) Uani 1 1 d . . .  
H4A H 0.0990 0.2576 -0.0010 0.041 Uiso 1 1 calc R . .     
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H4B H -0.0011 0.3234 0.0348 0.041 Uiso 1 1 calc R . .  
C5 C -0.0156(14) 0.4048(9) -0.0517(5) 0.034(3) Uani 1 1 d . . .  
H5A H -0.1105 0.4235 -0.0326 0.041 Uiso 1 1 calc R . .  
H5B H -0.0459 0.3483 -0.0717 0.041 Uiso 1 1 calc R . .  
C6 C 0.0289(15) 0.4796(9) -0.0886(5) 0.038(3) Uani 1 1 d . . .  
H16A H 0.0476 0.5370 -0.0683 0.045 Uiso 1 1 calc R . .  
H6B H -0.0658 0.4896 -0.1159 0.045 Uiso 1 1 calc R . .  
C7 C 0.4440(15) 0.4803(9) -0.0680(5) 0.038(3) Uani 1 1 d . . .  
H7A H 0.4531 0.4325 -0.0410 0.056 Uiso 1 1 calc R . .  
H7B H 0.4227 0.5390 -0.0516 0.056 Uiso 1 1 calc R . .  
H7C H 0.5480 0.4838 -0.0844 0.056 Uiso 1 1 calc R . .  
C8 C 0.2525(15) 0.5602(8) -0.1791(5) 0.034(3) Uani 1 1 d . . .  
H8A H 0.3488 0.5539 -0.1992 0.051 Uiso 1 1 calc R . .  
H8B H 0.2613 0.6174 -0.1591 0.051 Uiso 1 1 calc R . .  
H8C H 0.1506 0.5609 -0.2036 0.051 Uiso 1 1 calc R . .  
C9 C 0.1621(13) 0.0720(7) 0.0263(5) 0.025(2) Uani 1 1 d . . .  
C10 C 0.0145(14) 0.0399(8) 0.1127(4) 0.028(3) Uani 1 1 d . . .  
C11 C 0.0276(16) 0.2841(9) -0.1740(5) 0.034(3) Uani 1 1 d U . .  
C12 C 0.2414(15) 0.3586(9) -0.2331(5) 0.034(3) Uani 1 1 d . . .  
C13 C 0.4775(14) 0.0280(9) 0.1117(5) 0.037(3) Uani 1 1 d . . .  
H13 H 0.5605 0.0729 0.1086 0.044 Uiso 1 1 calc R . .  
C14 C 0.4116(16) -0.0329(9) 0.0720(5) 0.043(3) Uani 1 1 d . . .  
H14 H 0.4414 -0.0355 0.0369 0.052 Uiso 1 1 calc R . .  
C15 C 0.2949(15) -0.0887(9) 0.0931(5) 0.037(3) Uani 1 1 d . . .  
H15 H 0.2338 -0.1366 0.0750 0.045 Uiso 1 1 calc R . .  
C16 C 0.2835(14) -0.0621(8) 0.1452(5) 0.029(3) Uani 1 1 d . . .  
H16 H 0.2124 -0.0876 0.1687 0.035 Uiso 1 1 calc R . .  
C17 C 0.3977(14) 0.0096(8) 0.1562(5) 0.031(3) Uani 1 1 d . . .  
H17 H 0.4170 0.0406 0.1890 0.038 Uiso 1 1 calc R . .  
C18 C 0.2859(16) 0.1795(9) -0.1266(6) 0.043(3) Uani 1 1 d U . .  
H18 H 0.2060 0.1517 -0.1070 0.051 Uiso 1 1 calc R . .  
C19 C 0.3985(19) 0.2427(10) -0.1081(7) 0.056(4) Uani 1 1 d U . .  
H19 H 0.4093 0.2661 -0.0731 0.067 Uiso 1 1 calc R . .  
C20 C 0.4941(19) 0.2683(13) -0.1464(11) 0.093(6) Uani 1 1 d U . .  
H20 H 0.5811 0.3121 -0.1437 0.112 Uiso 1 1 calc R . .  
C21 C 0.435(3) 0.2156(15) -0.1909(8) 0.096(6) Uani 1 1 d U . .  
H21 H 0.4782 0.2167 -0.2243 0.115 Uiso 1 1 calc R . .  
C22 C 0.306(2) 0.1622(12) -0.1776(7) 0.073(5) Uani 1 1 d U . .  
H22 H 0.2417 0.1210 -0.2003 0.088 Uiso 1 1 calc R . .  
B1 B 0.298(2) 0.5195(13) 0.2221(6) 0.051(4) Uani 1 1 d . . .  
F1 F 0.3712(19) 0.4462(7) 0.2456(4) 0.118(5) Uani 1 1 d . . .  
F2 F 0.3485(11) 0.5312(7) 0.1716(3) 0.068(3) Uani 1 1 d . . .  
F3 F 0.3426(12) 0.5938(7) 0.2522(4) 0.078(3) Uani 1 1 d . . .  
F4 F 0.1288(13) 0.5159(10) 0.2177(4) 0.110(5) Uani 1 1 d . . .  
B2 B 0.6734(18) 0.2234(11) 0.0299(6) 0.038(4) Uani 1 1 d . . .  
F5 F 0.8099(10) 0.1684(6) 0.0312(4) 0.064(2) Uani 1 1 d . . .  
F6 F 0.6771(11) 0.2845(7) -0.0102(4) 0.083(3) Uani 1 1 d . . .  
F7 F 0.5285(10) 0.1747(6) 0.0206(3) 0.062(2) Uani 1 1 d . . .  
F8 F 0.6762(13) 0.2684(10) 0.0763(4) 0.121(5) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  420 
 
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Fe1 0.0200(8) 0.0249(9) 0.0267(8) 0.0018(7) 0.0026(6) 0.0032(7)  
Fe2 0.0259(8) 0.0290(9) 0.0257(9) 0.0009(7) 0.0031(7) 0.0046(7)  
Sb1 0.0258(4) 0.0251(4) 0.0289(4) 0.0005(4) -0.0003(3) 0.0018(3)  
Sb2 0.0300(4) 0.0281(4) 0.0239(4) 0.0013(4) 0.0022(3) 0.0011(4)  
O1 0.022(4) 0.042(5) 0.039(5) 0.010(4) 0.001(4) 0.005(4)  
O2 0.053(6) 0.054(6) 0.023(5) 0.003(4) -0.003(4) -0.001(5)  
O3 0.025(5) 0.049(6) 0.053(6) 0.000(5) 0.005(4) 0.001(4)  
O4 0.030(5) 0.068(7) 0.067(7) 0.001(6) 0.008(5) -0.007(5)  
O5 0.037(5) 0.057(6) 0.036(5) 0.009(5) 0.006(4) 0.003(5)  
C1 0.051(8) 0.030(7) 0.052(9) -0.016(7) -0.011(7) -0.013(6)  
C2 0.048(8) 0.052(9) 0.031(7) -0.002(6) 0.012(6) 0.006(7)  
C3 0.026(6) 0.023(6) 0.041(7) 0.009(5) 0.008(5) 0.001(5)  
C4 0.046(7) 0.014(6) 0.042(7) 0.001(5) 0.008(6) -0.006(5)  
C5 0.030(6) 0.040(7) 0.033(7) -0.006(6) 0.005(5) 0.007(6)  
C6 0.037(7) 0.052(8) 0.023(6) 0.002(6) 0.006(5) 0.008(6)  
C7 0.039(7) 0.046(8) 0.026(6) -0.003(6) -0.007(5) -0.009(6)  
C8 0.034(7) 0.033(7) 0.036(7) 0.008(6) 0.009(5) 0.000(6)  
C9 0.021(5) 0.023(6) 0.030(7) -0.001(5) -0.006(5) -0.002(4)  
C10 0.027(6) 0.030(7) 0.026(6) 0.002(5) -0.002(5) 0.003(5)  
C11 0.041(6) 0.034(7) 0.028(6) 0.001(6) -0.001(5) -0.001(6)  
C12 0.033(7) 0.043(8) 0.026(7) -0.015(6) -0.004(5) 0.003(6)  
C13 0.020(6) 0.036(7) 0.054(8) 0.018(7) 0.005(6) 0.005(5)  
C14 0.049(8) 0.039(8) 0.044(8) 0.009(7) 0.018(7) 0.031(7)  
C15 0.036(7) 0.037(7) 0.040(8) -0.005(6) 0.004(6) 0.005(6)  
C16 0.025(6) 0.028(6) 0.035(7) 0.008(5) 0.004(5) 0.008(5)  
C17 0.028(6) 0.032(7) 0.032(7) 0.002(5) -0.006(5) 0.009(5)  
C18 0.038(7) 0.037(7) 0.054(7) 0.019(6) 0.008(6) 0.009(5)  
C19 0.061(9) 0.035(8) 0.065(8) -0.001(7) -0.022(7) 0.020(6)  
C20 0.026(8) 0.059(11) 0.193(19) 0.059(11) 0.006(10) 0.006(7)  
C21 0.112(15) 0.103(15) 0.086(11) 0.055(9) 0.073(11) 0.094(10)  
C22 0.101(13) 0.053(10) 0.060(9) -0.015(8) -0.017(8) 0.034(8)  
B1 0.068(12) 0.052(11) 0.033(9) -0.003(8) 0.006(8) -0.001(9)  
F1 0.213(14) 0.070(7) 0.086(8) 0.032(6) 0.088(9) 0.055(9)  
F2 0.071(6) 0.089(7) 0.047(5) 0.009(5) 0.020(4) -0.008(5)  
F3 0.080(7) 0.086(7) 0.066(6) -0.022(6) 0.002(5) -0.007(6)  
F4 0.066(7) 0.225(15) 0.041(5) 0.000(7) 0.013(5) -0.059(8)  
B2 0.033(8) 0.047(9) 0.034(8) -0.004(7) 0.000(6) 0.008(7)  
F5 0.046(5) 0.066(6) 0.081(7) 0.001(5) 0.007(4) 0.020(4)  
F6 0.061(6) 0.077(7) 0.102(8) 0.052(6) -0.027(5) -0.012(5)  
F7 0.054(5) 0.061(6) 0.074(6) 0.004(5) 0.027(5) 0.001(4)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  






 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Fe1 C10 1.784(12) . ?  
Fe1 C9 1.788(12) . ?  
Fe1 C14 2.065(11) . ?  
Fe1 C15 2.079(13) . ?  
Fe1 C17 2.085(11) . ?  
Fe1 C16 2.085(11) . ?  
Fe1 C13 2.096(11) . ?  
Fe1 Sb1 2.4846(18) . ?  
Fe2 C11 1.778(13) . ?  
Fe2 C12 1.799(14) . ?  
Fe2 C21 2.057(14) . ?  
Fe2 C22 2.066(16) . ?  
Fe2 C20 2.086(15) . ?  
Fe2 C19 2.088(14) . ?  
Fe2 C18 2.091(13) . ?  
Fe2 Sb2 2.4870(19) . ?  
Sb1 C3 2.121(11) . ?  
Sb1 C2 2.126(12) . ?  
Sb1 C1 2.128(12) . ?  
Sb2 C8 2.115(11) . ?  
Sb2 C7 2.124(11) . ?  
Sb2 C6 2.133(12) . ?  
O1 C5 1.435(13) . ?  
O1 C4 1.436(13) . ?  
O2 C9 1.122(13) . ?  
O3 C10 1.132(13) . ?  
O4 C11 1.141(14) . ?  
O5 C12 1.121(14) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
C3 C4 1.522(16) . ?  
C3 H3A 0.9900 . ?  
C3 H3B 0.9900 . ?  
C4 H4A 0.9900 . ?  
C4 H4B 0.9900 . ?  
C5 C6 1.512(17) . ?  
C5 H5A 0.9900 . ?  
C5 H5B 0.9900 . ?  
C6 H16A 0.9900 . ?  
C6 H6B 0.9900 . ?  
C7 H7A 0.9800 . ?  
C7 H7B 0.9800 . ?  422 
 
C7 H7C 0.9800 . ?  
C8 H8A 0.9800 . ?  
C8 H8B 0.9800 . ?  
C8 H8C 0.9800 . ?  
C13 C17 1.387(17) . ?  
C13 C14 1.412(19) . ?  
C13 H13 0.9500 . ?  
C14 C15 1.398(18) . ?  
C14 H14 0.9500 . ?  
C15 C16 1.395(17) . ?  
C15 H15 0.9500 . ?  
C16 C17 1.409(16) . ?  
C16 H16 0.9500 . ?  
C17 H17 0.9500 . ?  
C18 C22 1.35(2) . ?  
C18 C19 1.35(2) . ?  
C18 H18 0.9500 . ?  
C19 C20 1.36(2) . ?  
C19 H19 0.9500 . ?  
C20 C21 1.41(3) . ?  
C20 H20 0.9500 . ?  
C21 C22 1.38(3) . ?  
C21 H21 0.9500 . ?  
C22 H22 0.9500 . ?  
B1 F1 1.34(2) . ?  
B1 F3 1.360(19) . ?  
B1 F4 1.36(2) . ?  
B1 F2 1.400(18) . ?  
B2 F8 1.350(17) . ?  
B2 F6 1.362(18) . ?  
B2 F5 1.365(16) . ?  
B2 F7 1.372(17) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C10 Fe1 C9 95.9(5) . . ?  
C10 Fe1 C14 141.9(6) . . ?  
C9 Fe1 C14 88.8(5) . . ?  
C10 Fe1 C15 103.2(5) . . ?  
C9 Fe1 C15 103.2(5) . . ?  
C14 Fe1 C15 39.4(5) . . ?  
C10 Fe1 C17 112.1(5) . . ?  
C9 Fe1 C17 151.3(5) . . ?  
C14 Fe1 C17 65.5(5) . . ?  
C15 Fe1 C17 65.5(5) . . ?  
C10 Fe1 C16 88.2(5) . . ?  
C9 Fe1 C16 141.4(5) . . ?  
C14 Fe1 C16 66.2(5) . . ?     
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C15 Fe1 C16 39.1(5) . . ?  
C17 Fe1 C16 39.5(5) . . ?  
C10 Fe1 C13 150.7(5) . . ?  
C9 Fe1 C13 112.9(5) . . ?  
C14 Fe1 C13 39.7(5) . . ?  
C15 Fe1 C13 66.2(5) . . ?  
C17 Fe1 C13 38.7(5) . . ?  
C16 Fe1 C13 66.2(5) . . ?  
C10 Fe1 Sb1 90.5(4) . . ?  
C9 Fe1 Sb1 93.4(4) . . ?  
C14 Fe1 Sb1 127.0(4) . . ?  
C15 Fe1 Sb1 157.1(4) . . ?  
C17 Fe1 Sb1 92.5(3) . . ?  
C16 Fe1 Sb1 125.1(3) . . ?  
C13 Fe1 Sb1 93.0(4) . . ?  
C11 Fe2 C12 95.4(5) . . ?  
C11 Fe2 C21 133.2(9) . . ?  
C12 Fe2 C21 91.6(6) . . ?  
C11 Fe2 C22 96.9(7) . . ?  
C12 Fe2 C22 113.0(6) . . ?  
C21 Fe2 C22 39.2(8) . . ?  
C11 Fe2 C20 155.2(7) . . ?  
C12 Fe2 C20 107.7(7) . . ?  
C21 Fe2 C20 39.9(8) . . ?  
C22 Fe2 C20 66.1(8) . . ?  
C11 Fe2 C19 119.1(6) . . ?  
C12 Fe2 C19 145.4(6) . . ?  
C21 Fe2 C19 64.0(7) . . ?  
C22 Fe2 C19 63.8(6) . . ?  
C20 Fe2 C19 38.0(7) . . ?  
C11 Fe2 C18 90.9(5) . . ?  
C12 Fe2 C18 150.8(6) . . ?  
C21 Fe2 C18 64.1(6) . . ?  
C22 Fe2 C18 37.9(6) . . ?  
C20 Fe2 C18 64.5(6) . . ?  
C19 Fe2 C18 37.7(5) . . ?  
C11 Fe2 Sb2 94.1(4) . . ?  
C12 Fe2 Sb2 88.1(4) . . ?  
C21 Fe2 Sb2 132.5(8) . . ?  
C22 Fe2 Sb2 155.1(5) . . ?  
C20 Fe2 Sb2 95.6(7) . . ?  
C19 Fe2 Sb2 91.4(4) . . ?  
C18 Fe2 Sb2 119.9(4) . . ?  
C3 Sb1 C2 101.8(5) . . ?  
C3 Sb1 C1 101.6(5) . . ?  
C2 Sb1 C1 100.4(5) . . ?  
C3 Sb1 Fe1 120.4(3) . . ?  
C2 Sb1 Fe1 113.8(4) . . ?  
C1 Sb1 Fe1 115.9(4) . . ?  
C8 Sb2 C7 102.1(5) . . ?  
C8 Sb2 C6 101.7(5) . . ?  
C7 Sb2 C6 103.6(5) . . ?  
C8 Sb2 Fe2 113.0(4) . . ?  
C7 Sb2 Fe2 118.3(4) . . ?  424 
 
C6 Sb2 Fe2 115.9(4) . . ?  
C5 O1 C4 110.2(9) . . ?  
Sb1 C1 H1A 109.5 . . ?  
Sb1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Sb1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
Sb1 C2 H2A 109.5 . . ?  
Sb1 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
Sb1 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  
C4 C3 Sb1 115.2(7) . . ?  
C4 C3 H3A 108.5 . . ?  
Sb1 C3 H3A 108.5 . . ?  
C4 C3 H3B 108.5 . . ?  
Sb1 C3 H3B 108.5 . . ?  
H3A C3 H3B 107.5 . . ?  
O1 C4 C3 108.0(9) . . ?  
O1 C4 H4A 110.1 . . ?  
C3 C4 H4A 110.1 . . ?  
O1 C4 H4B 110.1 . . ?  
C3 C4 H4B 110.1 . . ?  
H4A C4 H4B 108.4 . . ?  
O1 C5 C6 105.8(10) . . ?  
O1 C5 H5A 110.6 . . ?  
C6 C5 H5A 110.6 . . ?  
O1 C5 H5B 110.6 . . ?  
C6 C5 H5B 110.6 . . ?  
H5A C5 H5B 108.7 . . ?  
C5 C6 Sb2 112.9(8) . . ?  
C5 C6 H16A 109.0 . . ?  
Sb2 C6 H16A 109.0 . . ?  
C5 C6 H6B 109.0 . . ?  
Sb2 C6 H6B 109.0 . . ?  
H16A C6 H6B 107.8 . . ?  
Sb2 C7 H7A 109.5 . . ?  
Sb2 C7 H7B 109.5 . . ?  
H7A C7 H7B 109.5 . . ?  
Sb2 C7 H7C 109.5 . . ?  
H7A C7 H7C 109.5 . . ?  
H7B C7 H7C 109.5 . . ?  
Sb2 C8 H8A 109.5 . . ?  
Sb2 C8 H8B 109.5 . . ?  
H8A C8 H8B 109.5 . . ?  
Sb2 C8 H8C 109.5 . . ?  
H8A C8 H8C 109.5 . . ?  
H8B C8 H8C 109.5 . . ?  
O2 C9 Fe1 176.8(11) . . ?  
O3 C10 Fe1 176.9(11) . . ?  
O4 C11 Fe2 175.2(12) . . ?  
O5 C12 Fe2 178.3(11) . . ?     
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C17 C13 C14 106.7(11) . . ?  
C17 C13 Fe1 70.2(6) . . ?  
C14 C13 Fe1 69.0(7) . . ?  
C17 C13 H13 126.6 . . ?  
C14 C13 H13 126.6 . . ?  
Fe1 C13 H13 125.8 . . ?  
C15 C14 C13 108.4(11) . . ?  
C15 C14 Fe1 70.8(7) . . ?  
C13 C14 Fe1 71.4(7) . . ?  
C15 C14 H14 125.8 . . ?  
C13 C14 H14 125.8 . . ?  
Fe1 C14 H14 123.6 . . ?  
C16 C15 C14 108.4(12) . . ?  
C16 C15 Fe1 70.7(7) . . ?  
C14 C15 Fe1 69.7(7) . . ?  
C16 C15 H15 125.8 . . ?  
C14 C15 H15 125.8 . . ?  
Fe1 C15 H15 125.4 . . ?  
C15 C16 C17 106.9(11) . . ?  
C15 C16 Fe1 70.2(7) . . ?  
C17 C16 Fe1 70.3(7) . . ?  
C15 C16 H16 126.6 . . ?  
C17 C16 H16 126.6 . . ?  
Fe1 C16 H16 124.6 . . ?  
C13 C17 C16 109.6(11) . . ?  
C13 C17 Fe1 71.1(7) . . ?  
C16 C17 Fe1 70.2(6) . . ?  
C13 C17 H17 125.2 . . ?  
C16 C17 H17 125.2 . . ?  
Fe1 C17 H17 125.1 . . ?  
C22 C18 C19 108.8(15) . . ?  
C22 C18 Fe2 70.1(9) . . ?  
C19 C18 Fe2 71.1(8) . . ?  
C22 C18 H18 125.6 . . ?  
C19 C18 H18 125.6 . . ?  
Fe2 C18 H18 124.9 . . ?  
C18 C19 C20 110.7(17) . . ?  
C18 C19 Fe2 71.2(8) . . ?  
C20 C19 Fe2 70.9(10) . . ?  
C18 C19 H19 124.7 . . ?  
C20 C19 H19 124.7 . . ?  
Fe2 C19 H19 124.8 . . ?  
C19 C20 C21 104.9(16) . . ?  
C19 C20 Fe2 71.1(9) . . ?  
C21 C20 Fe2 68.9(10) . . ?  
C19 C20 H20 127.6 . . ?  
C21 C20 H20 127.6 . . ?  
Fe2 C20 H20 124.1 . . ?  
C22 C21 C20 108.2(16) . . ?  
C22 C21 Fe2 70.8(9) . . ?  
C20 C21 Fe2 71.2(9) . . ?  
C22 C21 H21 125.9 . . ?  
C20 C21 H21 125.9 . . ?  
Fe2 C21 H21 123.8 . . ?  426 
 
C18 C22 C21 107.4(17) . . ?  
C18 C22 Fe2 72.1(9) . . ?  
C21 C22 Fe2 70.1(10) . . ?  
C18 C22 H22 126.3 . . ?  
C21 C22 H22 126.3 . . ?  
Fe2 C22 H22 123.2 . . ?  
F1 B1 F3 108.1(14) . . ?  
F1 B1 F4 113.7(16) . . ?  
F3 B1 F4 106.6(14) . . ?  
F1 B1 F2 110.4(14) . . ?  
F3 B1 F2 109.4(14) . . ?  
F4 B1 F2 108.6(13) . . ?  
F8 B2 F6 109.6(14) . . ?  
F8 B2 F5 109.2(11) . . ?  
F6 B2 F5 108.9(12) . . ?  
F8 B2 F7 110.0(12) . . ?  
F6 B2 F7 107.3(11) . . ?  
F5 B2 F7 111.8(13) . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
Sb1 C3 C4 O1 177.8(7) . . . . ?  
C3 C4 O1 C5 -170.8(9) . . . . ?  
C4 O1 C5 C6 -175.7(9) . . . . ?  





_geom_contact_distance           
_geom_contact_site_symmetry_1    
_geom_contact_site_symmetry_2    
_geom_contact_publ_flag 
O1  Sb1 4.361(8) . . ? 
O1  Sb2 3.186(8) . . ? 
          
 
_diffrn_measured_fraction_theta_max    0.996  
_diffrn_reflns_theta_full              26.00  
_diffrn_measured_fraction_theta_full   0.996  
_refine_diff_density_max    1.430  
_refine_diff_density_min   -0.897  
_refine_diff_density_rms    0.213 
******************************************************************************************* 








_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '2010-09-12' 
_audit_author_name              'Rogers, M.' 





  bis(dicarbonyl(cyclopentadienyl)iron(II)) 
  tetrafluoroborate dichloromethane solvate 
;  
  
# [{o-C6H4(SbMe2)CH2}2NMe] = C19H27NSb2 
# N-[2-(dimethylstibino)benzyl]-1-[2-(dimethylstibino)phenyl]-N- 
#       methylmethanamine   (iLab defaults) 
# N-[2-(dimethylstibanyl)benzyl]-1-[2-(dimethylstibanyl)phenyl]-N- 
#       methylmethanamine   (iLab selected options) 
# 
# Surely better (and shorter) as bis substituted deriv of methanamine 
# (MeNH2) (mw). Eg. bis[N-2-(dimethylstibanyl)benzyl]methanamine 
# SMILES: C[Sb](C)c1ccccc1CN(C)Cc2ccccc2[Sb](C)C 
 
  
_chemical_name_common             ?  
_chemical_melting_point           ? 
_chemical_formula_moiety   'C33 H37 Fe N O2 Sb 1+, 2(B F4 1-), 0.5(C1 H2 CL2)'   
_chemical_formula_sum      'C33.50 H38 B2 Cl F8 Fe2 N O4 Sb2'  
_chemical_formula_weight          1082.92  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'B'  'B'   0.0013   0.0007  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cl'  'Cl'   0.1484   0.1585  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  428 
 
 'Fe'  'Fe'   0.3463   0.8444  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 
_symmetry_cell_setting            triclinic  
_symmetry_space_group_name_H-M    'P -1' 
_space_group_IT_number             2          
_space_group_name_Hall            '-P 1'     
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    10.5977(10)  
_cell_length_b                    11.799(2)  
_cell_length_c                    16.732(3)  
_cell_angle_alpha                 78.332(6)  
_cell_angle_beta                  86.814(8)  
_cell_angle_gamma                 85.261(8)  
_cell_volume                      2040.4(5)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     120(2) 
_cell_measurement_reflns_used     40064  
_cell_measurement_theta_min       2.91  
_cell_measurement_theta_max       27.48  
  
_exptl_crystal_description        block  
_exptl_crystal_colour             colourless 
_exptl_crystal_size_max           0.10  
_exptl_crystal_size_mid           0.09  
_exptl_crystal_size_min           0.08  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.763  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1062  
_exptl_absorpt_coefficient_mu     2.145 
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.8727 # shelxl 0.8141  
_exptl_absorpt_correction_T_max   1.0000 #        0.8471  





 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source          'Bruker-Nonius FR591 rotating anode'  
_diffrn_radiation_monochromator   '10cm confocal mirrors'    
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_diffrn_measurement_device_type   
                       'Bruker-Nonius 95mm CCD camera on \k-goniostat'  
_diffrn_measurement_method        '\f & \w scans' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             36221  
_diffrn_reflns_av_R_equivalents   0.0636  
_diffrn_reflns_av_sigmaI/netI     0.0681  
_diffrn_reflns_limit_h_min        -13  
_diffrn_reflns_limit_h_max        13  
_diffrn_reflns_limit_k_min        -15  
_diffrn_reflns_limit_k_max        15  
_diffrn_reflns_limit_l_min        -21  
_diffrn_reflns_limit_l_max        21  
_diffrn_reflns_theta_min          2.99  
_diffrn_reflns_theta_max          27.78  
_reflns_number_total              9355  
_reflns_number_gt                 7123  
_reflns_threshold_expression      I>2sigma(I)  
 
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'DIRDIF-99 (Beurskens, 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0327P)^2^+46.7543P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          9355  430 
 
_refine_ls_number_parameters      500  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.1141  
_refine_ls_R_factor_gt            0.0843  
_refine_ls_wR_factor_ref          0.1881  
_refine_ls_wR_factor_gt           0.1690  
_refine_ls_goodness_of_fit_ref    1.041  
_refine_ls_restrained_S_all       1.041  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Sb1 Sb 0.35972(6) 0.89690(6) -0.17407(5) 0.03423(19) Uani 1 1 d . . .  
Sb2 Sb 0.36243(5) 0.48930(5) 0.28944(4) 0.02383(15) Uani 1 1 d . . .  
Fe1 Fe 0.21228(11) 1.05535(11) -0.14088(8) 0.0224(3) Uani 1 1 d . . .  
Fe2 Fe 0.20518(11) 0.60564(11) 0.36058(8) 0.0238(3) Uani 1 1 d . . .  
O1 O 0.0503(6) 0.8935(6) -0.0369(4) 0.0365(16) Uani 1 1 d . . .  
O2 O 0.0670(8) 1.0636(8) -0.2853(5) 0.057(2) Uani 1 1 d . . .  
O3 O 0.0472(7) 0.6704(7) 0.2195(5) 0.0448(19) Uani 1 1 d . . .  
O4 O 0.0547(7) 0.4085(7) 0.4215(5) 0.048(2) Uani 1 1 d . . .  
N1 N 0.2316(7) 0.5480(8) 0.0090(5) 0.0330(18) Uani 1 1 d . . .  
C1 C 0.2398(8) 1.1364(7) -0.0437(5) 0.0240(18) Uani 1 1 d . . .  
H1 H 0.2180 1.1067 0.0120 0.029 Uiso 1 1 calc R . .  
C2 C 0.3576(8) 1.1152(7) -0.0832(6) 0.0245(18) Uani 1 1 d . . .  
H2 H 0.4287 1.0693 -0.0590 0.029 Uiso 1 1 calc R . .  
C3 C 0.3510(9) 1.1748(8) -0.1659(6) 0.031(2) Uani 1 1 d . . .  
H3 H 0.4173 1.1755 -0.2066 0.037 Uiso 1 1 calc R . .  
C4 C 0.2292(9) 1.2330(8) -0.1774(6) 0.030(2) Uani 1 1 d . . .  
H4 H 0.1992 1.2793 -0.2269 0.036 Uiso 1 1 calc R . .  
C5 C 0.1590(8) 1.2090(8) -0.1001(5) 0.0251(18) Uani 1 1 d . . .  
H5 H 0.0744 1.2367 -0.0892 0.030 Uiso 1 1 calc R . .  
C6 C 0.1142(8) 0.9562(9) -0.0771(6) 0.029(2) Uani 1 1 d . . .  
C7 C 0.1241(9) 1.0576(10) -0.2286(6) 0.036(2) Uani 1 1 d . . .  
C8 C 0.5118(11) 0.8303(11) -0.0982(9) 0.058(4) Uani 1 1 d . . .  
H8A H 0.4787 0.7990 -0.0430 0.087 Uiso 1 1 calc R . .  
H8B H 0.5667 0.8925 -0.0963 0.087 Uiso 1 1 calc R . .  
H8C H 0.5607 0.7683 -0.1201 0.087 Uiso 1 1 calc R . .  
C9 C 0.4619(11) 0.9453(12) -0.2876(8) 0.058(4) Uani 1 1 d . . .  
H9A H 0.5381 0.9823 -0.2789 0.087 Uiso 1 1 calc R . .  
H9B H 0.4082 0.9998 -0.3258 0.087 Uiso 1 1 calc R . .  
H9C H 0.4865 0.8760 -0.3103 0.087 Uiso 1 1 calc R . .     
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C10 C 0.2640(8) 0.7523(8) -0.1940(6) 0.0271(19) Uani 1 1 d . . .  
C11 C 0.2235(10) 0.7611(10) -0.2723(6) 0.043(3) Uani 1 1 d . . .  
H11 H 0.2395 0.8290 -0.3118 0.052 Uiso 1 1 calc R . .  
C12 C 0.1613(11) 0.6767(11) -0.2955(6) 0.045(3) Uani 1 1 d . . .  
H12 H 0.1336 0.6860 -0.3496 0.054 Uiso 1 1 calc R . .  
C13 C 0.1400(9) 0.5772(10) -0.2379(7) 0.040(3) Uani 1 1 d . . .  
H13 H 0.1002 0.5158 -0.2530 0.048 Uiso 1 1 calc R . .  
C14 C 0.1763(11) 0.5668(10) -0.1588(7) 0.042(3) Uani 1 1 d . . .  
H14 H 0.1579 0.4998 -0.1192 0.050 Uiso 1 1 calc R . .  
C15 C 0.2408(11) 0.6553(9) -0.1359(7) 0.041(3) Uani 1 1 d . . .  
C16 C 0.2974(11) 0.6384(10) -0.0521(7) 0.047(3) Uani 1 1 d . . .  
H16A H 0.3888 0.6141 -0.0563 0.056 Uiso 1 1 calc R . .  
H16B H 0.2889 0.7129 -0.0330 0.056 Uiso 1 1 calc R . .  
C17 C 0.1068(11) 0.6053(13) 0.0290(8) 0.056(3) Uani 1 1 d . . .  
H17A H 0.0584 0.5500 0.0680 0.084 Uiso 1 1 calc R . .  
H17B H 0.0598 0.6315 -0.0210 0.084 Uiso 1 1 calc R . .  
H17C H 0.1201 0.6721 0.0533 0.084 Uiso 1 1 calc R . .  
C18 C 0.2993(13) 0.5179(11) 0.0832(8) 0.055(3) Uani 1 1 d . . .  
H18A H 0.2908 0.5841 0.1117 0.066 Uiso 1 1 calc R . .  
H18B H 0.3904 0.5017 0.0700 0.066 Uiso 1 1 calc R . .  
C19 C 0.2474(12) 0.4093(9) 0.1406(7) 0.043(3) Uani 1 1 d . . .  
C20 C 0.1854(12) 0.3269(10) 0.1097(8) 0.050(3) Uani 1 1 d . . .  
H20 H 0.1674 0.3428 0.0533 0.060 Uiso 1 1 calc R . .  
C21 C 0.1501(9) 0.2251(10) 0.1574(8) 0.044(3) Uani 1 1 d . . .  
H21 H 0.1075 0.1725 0.1342 0.053 Uiso 1 1 calc R . .  
C22 C 0.1767(12) 0.1987(11) 0.2398(8) 0.051(3) Uani 1 1 d . . .  
H22 H 0.1519 0.1285 0.2735 0.062 Uiso 1 1 calc R . .  
C23 C 0.2402(11) 0.2765(10) 0.2723(7) 0.042(3) Uani 1 1 d . . .  
H23 H 0.2612 0.2579 0.3281 0.050 Uiso 1 1 calc R . .  
C24 C 0.2733(8) 0.3812(8) 0.2242(6) 0.029(2) Uani 1 1 d . . .  
C25 C 0.4801(11) 0.3648(10) 0.3665(8) 0.047(3) Uani 1 1 d . . .  
H25A H 0.5193 0.3078 0.3357 0.071 Uiso 1 1 calc R . .  
H25B H 0.4291 0.3253 0.4129 0.071 Uiso 1 1 calc R . .  
H25C H 0.5465 0.4037 0.3867 0.071 Uiso 1 1 calc R . .  
C26 C 0.5083(10) 0.5687(11) 0.2124(8) 0.049(3) Uani 1 1 d . . .  
H26A H 0.5496 0.5134 0.1809 0.073 Uiso 1 1 calc R . .  
H26B H 0.5709 0.5924 0.2456 0.073 Uiso 1 1 calc R . .  
H26C H 0.4723 0.6370 0.1750 0.073 Uiso 1 1 calc R . .  
C27 C 0.1123(8) 0.6458(8) 0.2731(6) 0.030(2) Uani 1 1 d . . .  
C28 C 0.1155(9) 0.4845(10) 0.3981(6) 0.036(2) Uani 1 1 d . . .  
C29 C 0.3348(9) 0.7266(9) 0.3714(7) 0.037(2) Uani 1 1 d . . .  
H29 H 0.4045 0.7481 0.3348 0.044 Uiso 1 1 calc R . .  
C30 C 0.2111(10) 0.7800(9) 0.3659(7) 0.038(2) Uani 1 1 d . . .  
H30 H 0.1821 0.8433 0.3248 0.046 Uiso 1 1 calc R . .  
C31 C 0.1367(10) 0.7220(9) 0.4334(6) 0.035(2) Uani 1 1 d . . .  
H31 H 0.0494 0.7394 0.4451 0.042 Uiso 1 1 calc R . .  
C32 C 0.2168(10) 0.6340(10) 0.4794(6) 0.035(2) Uani 1 1 d . . .  
H32 H 0.1927 0.5825 0.5282 0.042 Uiso 1 1 calc R . .  
C33 C 0.3375(9) 0.6353(10) 0.4410(6) 0.034(2) Uani 1 1 d . . .  
H33 H 0.4089 0.5840 0.4585 0.041 Uiso 1 1 calc R . .  
B1 B 0.7133(10) 0.1158(10) 0.8665(7) 0.029(2) Uani 1 1 d . . .  
F1 F 0.8339(6) 0.0659(6) 0.8604(5) 0.0555(18) Uani 1 1 d . . .  
F2 F 0.6419(8) 0.0905(11) 0.8065(6) 0.103(4) Uani 1 1 d . . .  
F3 F 0.6582(7) 0.0879(10) 0.9400(5) 0.101(4) Uani 1 1 d . . .  432 
 
F4 F 0.7133(10) 0.2339(7) 0.8459(7) 0.095(3) Uani 1 1 d . . .  
B2 B 0.7133(12) 0.6720(12) 0.4008(7) 0.039(3) Uani 1 1 d . . .  
F5 F 0.6305(8) 0.5918(8) 0.4007(8) 0.108(4) Uani 1 1 d . . .  
F6 F 0.7220(10) 0.6838(9) 0.4798(5) 0.097(3) Uani 1 1 d . . .  
F7 F 0.6682(9) 0.7780(8) 0.3557(5) 0.084(3) Uani 1 1 d . . .  
F8 F 0.8293(6) 0.6348(7) 0.3702(5) 0.068(2) Uani 1 1 d . . .  
C34 C 0.304(2) 0.014(3) 0.4876(14) 0.076(11) Uani 0.50 1 d P . .  
H34A H 0.3534 0.0449 0.4369 0.091 Uiso 0.50 1 calc PR . .  
H34B H 0.3275 0.0587 0.5282 0.091 Uiso 0.50 1 calc PR . .  
Cl1 Cl 0.3589(8) -0.0890(6) 0.5127(4) 0.065(2) Uani 0.50 1 d P . .  
Cl2 Cl 0.1360(9) 0.0701(8) 0.4639(7) 0.105(4) Uani 0.50 1 d P . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Sb1 0.0183(3) 0.0417(4) 0.0515(4) -0.0311(3) -0.0045(3) 0.0028(2)  
Sb2 0.0224(3) 0.0222(3) 0.0278(3) -0.0067(2) -0.0042(2) -0.0003(2)  
Fe1 0.0153(5) 0.0281(7) 0.0254(6) -0.0097(5) -0.0021(4) 0.0005(5)  
Fe2 0.0196(6) 0.0284(7) 0.0240(6) -0.0058(5) -0.0022(5) -0.0023(5)  
O1 0.030(3) 0.031(4) 0.047(4) -0.005(3) 0.008(3) -0.010(3)  
O2 0.055(5) 0.080(7) 0.041(5) -0.019(4) -0.022(4) -0.004(4)  
O3 0.031(4) 0.057(5) 0.044(4) -0.005(4) -0.013(3) 0.002(3)  
O4 0.043(4) 0.050(5) 0.050(5) -0.003(4) 0.003(4) -0.024(4)  
N1 0.020(4) 0.050(5) 0.032(4) -0.015(4) -0.003(3) 0.000(3)  
C1 0.029(4) 0.021(4) 0.025(4) -0.008(4) -0.005(3) 0.001(3)  
C2 0.021(4) 0.020(4) 0.037(5) -0.014(4) -0.006(3) -0.005(3)  
C3 0.026(5) 0.033(5) 0.035(5) -0.010(4) 0.005(4) -0.011(4)  
C4 0.029(5) 0.029(5) 0.028(5) 0.001(4) -0.001(4) 0.002(4)  
C5 0.028(4) 0.022(4) 0.027(4) -0.010(4) 0.004(3) -0.002(3)  
C6 0.025(4) 0.035(5) 0.028(5) -0.014(4) -0.004(4) 0.005(4)  
C7 0.031(5) 0.045(6) 0.035(5) -0.017(5) -0.007(4) -0.001(4)  
C8 0.034(6) 0.056(8) 0.093(10) -0.036(7) -0.028(6) 0.015(5)  
C9 0.043(7) 0.064(8) 0.075(9) -0.039(7) 0.032(6) -0.019(6)  
C10 0.028(4) 0.029(5) 0.030(5) -0.018(4) -0.007(4) 0.001(4)  
C11 0.048(6) 0.051(7) 0.033(5) -0.006(5) 0.003(5) -0.033(5)  
C12 0.053(7) 0.066(8) 0.024(5) -0.015(5) -0.001(4) -0.028(6)  
C13 0.032(5) 0.047(6) 0.050(6) -0.027(5) -0.010(5) -0.005(5)  
C14 0.055(7) 0.035(6) 0.037(6) -0.014(5) -0.007(5) 0.002(5)  
C15 0.056(7) 0.035(6) 0.036(6) -0.021(5) -0.019(5) 0.009(5)  
C16 0.047(6) 0.042(7) 0.050(7) -0.006(5) -0.002(5) -0.007(5)  
C17 0.034(6) 0.076(9) 0.064(8) -0.031(7) 0.002(5) 0.004(6)  
C18 0.073(9) 0.041(7) 0.051(7) -0.005(6) -0.026(6) -0.001(6)  
C19 0.065(7) 0.026(5) 0.041(6) -0.012(5) -0.025(5) 0.010(5)  
C20 0.068(8) 0.032(6) 0.054(7) -0.019(5) -0.032(6) 0.017(5)  
C21 0.025(5) 0.049(7) 0.070(8) -0.040(6) -0.002(5) -0.001(4)  
C22 0.056(7) 0.048(7) 0.056(8) -0.021(6) 0.016(6) -0.028(6)  
C23 0.049(6) 0.037(6) 0.041(6) -0.008(5) 0.001(5) -0.015(5)  
C24 0.023(4) 0.026(5) 0.039(5) -0.010(4) 0.002(4) -0.001(3)  
C25 0.049(7) 0.033(6) 0.060(7) -0.011(5) -0.026(6) 0.010(5)     
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C26 0.038(6) 0.051(7) 0.064(8) -0.028(6) 0.020(5) -0.018(5)  
C27 0.024(4) 0.027(5) 0.036(5) -0.001(4) -0.001(4) 0.005(4)  
C28 0.029(5) 0.050(7) 0.030(5) -0.012(5) -0.003(4) -0.002(4)  
C29 0.027(5) 0.039(6) 0.053(6) -0.027(5) 0.003(4) -0.013(4)  
C30 0.045(6) 0.028(5) 0.045(6) -0.014(5) -0.001(5) -0.001(4)  
C31 0.034(5) 0.032(5) 0.042(6) -0.017(5) 0.002(4) -0.002(4)  
C32 0.040(5) 0.046(6) 0.023(5) -0.019(4) -0.004(4) 0.005(4)  
C33 0.023(4) 0.049(6) 0.035(5) -0.020(5) -0.007(4) 0.002(4)  
B1 0.024(5) 0.030(6) 0.034(6) -0.002(5) -0.007(4) -0.005(4)  
F1 0.027(3) 0.064(5) 0.074(5) -0.016(4) -0.001(3) 0.011(3)  
F2 0.059(5) 0.167(11) 0.103(8) -0.075(8) -0.023(5) 0.012(6)  
F3 0.045(4) 0.158(10) 0.063(5) 0.047(6) 0.017(4) 0.029(5)  
F4 0.107(7) 0.041(5) 0.128(9) -0.006(5) 0.040(6) -0.003(5)  
B2 0.038(6) 0.047(7) 0.029(6) 0.000(5) -0.003(5) -0.001(5)  
F5 0.043(5) 0.078(6) 0.221(13) -0.070(8) 0.000(6) -0.011(4)  
F6 0.133(9) 0.108(8) 0.048(5) -0.023(5) -0.024(5) 0.033(7)  
F7 0.101(7) 0.073(6) 0.055(5) 0.018(4) 0.019(4) 0.034(5)  
F8 0.036(4) 0.084(6) 0.070(5) 0.010(4) 0.011(3) 0.010(4)  
C34 0.031(12) 0.17(3) 0.023(11) -0.011(16) -0.022(9) 0.018(16)  
Cl1 0.116(6) 0.045(4) 0.044(3) -0.020(3) -0.024(4) -0.018(4)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Sb1 C8 2.107(11) . ?  
Sb1 C9 2.131(12) . ?  
Sb1 C10 2.146(9) . ?  
Sb1 Fe1 2.4669(14) . ?  
Sb2 C26 2.112(10) . ?  
Sb2 C25 2.119(10) . ?  
Sb2 C24 2.143(9) . ?  
Sb2 Fe2 2.4780(14) . ?  
Fe1 C6 1.777(10) . ?  
Fe1 C7 1.777(10) . ?  
Fe1 C4 2.081(10) . ?  
Fe1 C5 2.087(9) . ?  
Fe1 C3 2.088(9) . ?  
Fe1 C1 2.090(8) . ?  
Fe1 C2 2.103(8) . ?  
Fe2 C28 1.771(11) . ?  434 
 
Fe2 C27 1.772(10) . ?  
Fe2 C31 2.075(10) . ?  
Fe2 C30 2.084(10) . ?  
Fe2 C32 2.093(9) . ?  
Fe2 C33 2.093(9) . ?  
Fe2 C29 2.101(9) . ?  
O1 C6 1.136(11) . ?  
O2 C7 1.142(12) . ?  
O3 C27 1.138(11) . ?  
O4 C28 1.140(12) . ?  
N1 C18 1.435(13) . ?  
N1 C17 1.488(13) . ?  
N1 C16 1.507(14) . ?  
C1 C2 1.408(12) . ?  
C1 C5 1.414(12) . ?  
C1 H1 0.9500 . ?  
C2 C3 1.422(13) . ?  
C2 H2 0.9500 . ?  
C3 C4 1.415(13) . ?  
C3 H3 0.9500 . ?  
C4 C5 1.444(12) . ?  
C4 H4 0.9500 . ?  
C5 H5 0.9500 . ?  
C8 H8A 0.9800 . ?  
C8 H8B 0.9800 . ?  
C8 H8C 0.9800 . ?  
C9 H9A 0.9800 . ?  
C9 H9B 0.9800 . ?  
C9 H9C 0.9800 . ?  
C10 C15 1.373(15) . ?  
C10 C11 1.383(13) . ?  
C11 C12 1.367(14) . ?  
C11 H11 0.9500 . ?  
C12 C13 1.386(16) . ?  
C12 H12 0.9500 . ?  
C13 C14 1.377(15) . ?  
C13 H13 0.9500 . ?  
C14 C15 1.419(15) . ?  
C14 H14 0.9500 . ?  
C15 C16 1.525(15) . ?  
C16 H16A 0.9900 . ?  
C16 H16B 0.9900 . ?  
C17 H17A 0.9800 . ?  
C17 H17B 0.9800 . ?  
C17 H17C 0.9800 . ?  
C18 C19 1.558(17) . ?  
C18 H18A 0.9900 . ?  
C18 H18B 0.9900 . ?  
C19 C24 1.408(14) . ?  
C19 C20 1.410(15) . ?  
C20 C21 1.369(17) . ?  
C20 H20 0.9500 . ?  
C21 C22 1.391(17) . ?  
C21 H21 0.9500 . ?     
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C22 C23 1.391(15) . ?  
C22 H22 0.9500 . ?  
C23 C24 1.391(14) . ?  
C23 H23 0.9500 . ?  
C25 H25A 0.9800 . ?  
C25 H25B 0.9800 . ?  
C25 H25C 0.9800 . ?  
C26 H26A 0.9800 . ?  
C26 H26B 0.9800 . ?  
C26 H26C 0.9800 . ?  
C29 C30 1.407(14) . ?  
C29 C33 1.417(15) . ?  
C29 H29 0.9500 . ?  
C30 C31 1.428(15) . ?  
C30 H30 0.9500 . ?  
C31 C32 1.412(14) . ?  
C31 H31 0.9500 . ?  
C32 C33 1.400(14) . ?  
C32 H32 0.9500 . ?  
C33 H33 0.9500 . ?  
B1 F3 1.322(13) . ?  
B1 F4 1.366(13) . ?  
B1 F1 1.369(12) . ?  
B1 F2 1.384(13) . ?  
B2 F5 1.344(15) . ?  
B2 F6 1.366(14) . ?  
B2 F8 1.378(14) . ?  
B2 F7 1.387(15) . ?  
C34 Cl1 1.30(3) . ?  
C34 Cl2 1.89(2) . ?  
C34 H34A 0.9900 . ?  
C34 H34B 0.9900 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C8 Sb1 C9 99.7(6) . . ?  
C8 Sb1 C10 107.6(4) . . ?  
C9 Sb1 C10 101.8(4) . . ?  
C8 Sb1 Fe1 120.0(3) . . ?  
C9 Sb1 Fe1 112.9(4) . . ?  
C10 Sb1 Fe1 112.7(2) . . ?  
C26 Sb2 C25 97.1(5) . . ?  
C26 Sb2 C24 107.8(4) . . ?  
C25 Sb2 C24 101.2(4) . . ?  
C26 Sb2 Fe2 120.9(3) . . ?  
C25 Sb2 Fe2 115.4(4) . . ?  
C24 Sb2 Fe2 111.9(2) . . ?  
C6 Fe1 C7 92.8(5) . . ?  436 
 
C6 Fe1 C4 140.3(4) . . ?  
C7 Fe1 C4 89.8(4) . . ?  
C6 Fe1 C5 101.6(4) . . ?  
C7 Fe1 C5 107.1(4) . . ?  
C4 Fe1 C5 40.5(3) . . ?  
C6 Fe1 C3 155.3(4) . . ?  
C7 Fe1 C3 111.3(4) . . ?  
C4 Fe1 C3 39.7(4) . . ?  
C5 Fe1 C3 67.0(4) . . ?  
C6 Fe1 C1 90.8(4) . . ?  
C7 Fe1 C1 146.2(4) . . ?  
C4 Fe1 C1 66.9(4) . . ?  
C5 Fe1 C1 39.6(3) . . ?  
C3 Fe1 C1 66.3(4) . . ?  
C6 Fe1 C2 116.1(4) . . ?  
C7 Fe1 C2 150.9(4) . . ?  
C4 Fe1 C2 66.8(4) . . ?  
C5 Fe1 C2 66.6(3) . . ?  
C3 Fe1 C2 39.7(4) . . ?  
C1 Fe1 C2 39.2(3) . . ?  
C6 Fe1 Sb1 92.2(3) . . ?  
C7 Fe1 Sb1 91.2(3) . . ?  
C4 Fe1 Sb1 127.4(3) . . ?  
C5 Fe1 Sb1 156.2(3) . . ?  
C3 Fe1 Sb1 92.6(3) . . ?  
C1 Fe1 Sb1 122.2(2) . . ?  
C2 Fe1 Sb1 90.0(2) . . ?  
C28 Fe2 C27 91.0(4) . . ?  
C28 Fe2 C31 102.5(4) . . ?  
C27 Fe2 C31 103.5(4) . . ?  
C28 Fe2 C30 141.3(4) . . ?  
C27 Fe2 C30 89.9(4) . . ?  
C31 Fe2 C30 40.2(4) . . ?  
C28 Fe2 C32 90.3(4) . . ?  
C27 Fe2 C32 142.0(4) . . ?  
C31 Fe2 C32 39.6(4) . . ?  
C30 Fe2 C32 66.5(4) . . ?  
C28 Fe2 C33 114.7(4) . . ?  
C27 Fe2 C33 153.5(4) . . ?  
C31 Fe2 C33 66.4(4) . . ?  
C30 Fe2 C33 66.4(4) . . ?  
C32 Fe2 C33 39.1(4) . . ?  
C28 Fe2 C29 153.9(4) . . ?  
C27 Fe2 C29 114.3(5) . . ?  
C31 Fe2 C29 66.5(4) . . ?  
C30 Fe2 C29 39.3(4) . . ?  
C32 Fe2 C29 65.9(4) . . ?  
C33 Fe2 C29 39.5(4) . . ?  
C28 Fe2 Sb2 92.2(3) . . ?  
C27 Fe2 Sb2 91.9(3) . . ?  
C31 Fe2 Sb2 158.3(3) . . ?  
C30 Fe2 Sb2 126.4(3) . . ?  
C32 Fe2 Sb2 125.9(3) . . ?  
C33 Fe2 Sb2 93.1(3) . . ?     
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C29 Fe2 Sb2 93.4(3) . . ?  
C18 N1 C17 107.1(9) . . ?  
C18 N1 C16 110.5(9) . . ?  
C17 N1 C16 105.5(9) . . ?  
C2 C1 C5 109.2(8) . . ?  
C2 C1 Fe1 70.9(5) . . ?  
C5 C1 Fe1 70.1(5) . . ?  
C2 C1 H1 125.4 . . ?  
C5 C1 H1 125.4 . . ?  
Fe1 C1 H1 125.2 . . ?  
C1 C2 C3 107.6(8) . . ?  
C1 C2 Fe1 69.9(5) . . ?  
C3 C2 Fe1 69.6(5) . . ?  
C1 C2 H2 126.2 . . ?  
C3 C2 H2 126.2 . . ?  
Fe1 C2 H2 125.9 . . ?  
C4 C3 C2 108.6(8) . . ?  
C4 C3 Fe1 69.9(5) . . ?  
C2 C3 Fe1 70.7(5) . . ?  
C4 C3 H3 125.7 . . ?  
C2 C3 H3 125.7 . . ?  
Fe1 C3 H3 125.3 . . ?  
C3 C4 C5 107.4(8) . . ?  
C3 C4 Fe1 70.4(5) . . ?  
C5 C4 Fe1 70.0(5) . . ?  
C3 C4 H4 126.3 . . ?  
C5 C4 H4 126.3 . . ?  
Fe1 C4 H4 124.9 . . ?  
C1 C5 C4 107.2(8) . . ?  
C1 C5 Fe1 70.3(5) . . ?  
C4 C5 Fe1 69.5(5) . . ?  
C1 C5 H5 126.4 . . ?  
C4 C5 H5 126.4 . . ?  
Fe1 C5 H5 125.4 . . ?  
O1 C6 Fe1 179.2(9) . . ?  
O2 C7 Fe1 177.4(10) . . ?  
Sb1 C8 H8A 109.5 . . ?  
Sb1 C8 H8B 109.5 . . ?  
H8A C8 H8B 109.5 . . ?  
Sb1 C8 H8C 109.5 . . ?  
H8A C8 H8C 109.5 . . ?  
H8B C8 H8C 109.5 . . ?  
Sb1 C9 H9A 109.5 . . ?  
Sb1 C9 H9B 109.5 . . ?  
H9A C9 H9B 109.5 . . ?  
Sb1 C9 H9C 109.5 . . ?  
H9A C9 H9C 109.5 . . ?  
H9B C9 H9C 109.5 . . ?  
C15 C10 C11 119.4(9) . . ?  
C15 C10 Sb1 125.2(7) . . ?  
C11 C10 Sb1 115.4(7) . . ?  
C12 C11 C10 123.0(10) . . ?  
C12 C11 H11 118.5 . . ?  
C10 C11 H11 118.5 . . ?  438 
 
C11 C12 C13 118.2(10) . . ?  
C11 C12 H12 120.9 . . ?  
C13 C12 H12 120.9 . . ?  
C14 C13 C12 120.3(10) . . ?  
C14 C13 H13 119.9 . . ?  
C12 C13 H13 119.9 . . ?  
C13 C14 C15 120.7(11) . . ?  
C13 C14 H14 119.6 . . ?  
C15 C14 H14 119.6 . . ?  
C10 C15 C14 118.4(9) . . ?  
C10 C15 C16 119.8(9) . . ?  
C14 C15 C16 121.4(10) . . ?  
N1 C16 C15 111.0(9) . . ?  
N1 C16 H16A 109.4 . . ?  
C15 C16 H16A 109.4 . . ?  
N1 C16 H16B 109.4 . . ?  
C15 C16 H16B 109.4 . . ?  
H16A C16 H16B 108.0 . . ?  
N1 C17 H17A 109.5 . . ?  
N1 C17 H17B 109.5 . . ?  
H17A C17 H17B 109.5 . . ?  
N1 C17 H17C 109.5 . . ?  
H17A C17 H17C 109.5 . . ?  
H17B C17 H17C 109.5 . . ?  
N1 C18 C19 111.0(10) . . ?  
N1 C18 H18A 109.4 . . ?  
C19 C18 H18A 109.4 . . ?  
N1 C18 H18B 109.4 . . ?  
C19 C18 H18B 109.4 . . ?  
H18A C18 H18B 108.0 . . ?  
C24 C19 C20 116.4(10) . . ?  
C24 C19 C18 121.5(9) . . ?  
C20 C19 C18 121.6(10) . . ?  
C21 C20 C19 122.8(11) . . ?  
C21 C20 H20 118.6 . . ?  
C19 C20 H20 118.6 . . ?  
C20 C21 C22 119.9(10) . . ?  
C20 C21 H21 120.0 . . ?  
C22 C21 H21 120.0 . . ?  
C23 C22 C21 119.0(11) . . ?  
C23 C22 H22 120.5 . . ?  
C21 C22 H22 120.5 . . ?  
C22 C23 C24 121.0(11) . . ?  
C22 C23 H23 119.5 . . ?  
C24 C23 H23 119.5 . . ?  
C23 C24 C19 120.8(9) . . ?  
C23 C24 Sb2 113.9(7) . . ?  
C19 C24 Sb2 125.3(7) . . ?  
Sb2 C25 H25A 109.5 . . ?  
Sb2 C25 H25B 109.5 . . ?  
H25A C25 H25B 109.5 . . ?  
Sb2 C25 H25C 109.5 . . ?  
H25A C25 H25C 109.5 . . ?  
H25B C25 H25C 109.5 . . ?     
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Sb2 C26 H26A 109.5 . . ?  
Sb2 C26 H26B 109.5 . . ?  
H26A C26 H26B 109.5 . . ?  
Sb2 C26 H26C 109.5 . . ?  
H26A C26 H26C 109.5 . . ?  
H26B C26 H26C 109.5 . . ?  
O3 C27 Fe2 176.4(9) . . ?  
O4 C28 Fe2 178.0(10) . . ?  
C30 C29 C33 108.1(9) . . ?  
C30 C29 Fe2 69.7(5) . . ?  
C33 C29 Fe2 69.9(5) . . ?  
C30 C29 H29 125.9 . . ?  
C33 C29 H29 125.9 . . ?  
Fe2 C29 H29 126.0 . . ?  
C29 C30 C31 107.7(10) . . ?  
C29 C30 Fe2 71.0(6) . . ?  
C31 C30 Fe2 69.6(6) . . ?  
C29 C30 H30 126.2 . . ?  
C31 C30 H30 126.2 . . ?  
Fe2 C30 H30 124.8 . . ?  
C32 C31 C30 107.5(9) . . ?  
C32 C31 Fe2 70.9(5) . . ?  
C30 C31 Fe2 70.2(6) . . ?  
C32 C31 H31 126.2 . . ?  
C30 C31 H31 126.2 . . ?  
Fe2 C31 H31 124.3 . . ?  
C33 C32 C31 108.5(9) . . ?  
C33 C32 Fe2 70.5(5) . . ?  
C31 C32 Fe2 69.5(5) . . ?  
C33 C32 H32 125.7 . . ?  
C31 C32 H32 125.7 . . ?  
Fe2 C32 H32 125.8 . . ?  
C32 C33 C29 108.1(9) . . ?  
C32 C33 Fe2 70.5(5) . . ?  
C29 C33 Fe2 70.6(5) . . ?  
C32 C33 H33 125.9 . . ?  
C29 C33 H33 125.9 . . ?  
Fe2 C33 H33 124.7 . . ?  
F3 B1 F4 108.4(11) . . ?  
F3 B1 F1 113.9(9) . . ?  
F4 B1 F1 110.4(9) . . ?  
F3 B1 F2 112.0(10) . . ?  
F4 B1 F2 102.4(10) . . ?  
F1 B1 F2 109.2(9) . . ?  
F5 B2 F6 107.5(11) . . ?  
F5 B2 F8 109.0(11) . . ?  
F6 B2 F8 110.5(10) . . ?  
F5 B2 F7 109.9(11) . . ?  
F6 B2 F7 108.2(11) . . ?  
F8 B2 F7 111.7(10) . . ?  
Cl1 C34 Cl2 134(2) . . ?  
Cl1 C34 H34A 103.8 . . ?  
Cl2 C34 H34A 103.8 . . ?  
Cl1 C34 H34B 103.8 . . ?  440 
 
Cl2 C34 H34B 103.8 . . ?  
H34A C34 H34B 105.4 . . ?  
 
loop_ 
_geom_contact_atom_site_label_1   
_geom_contact_atom_site_label_2   
_geom_contact_distance            
_geom_contact_site_symmetry_1     
_geom_contact_site_symmetry_2     
_geom_contact_publ_flag           
N1 SB1 4.851(9) . . ? 




_diffrn_measured_fraction_theta_max    0.971  
_diffrn_reflns_theta_full              27.78  
_diffrn_measured_fraction_theta_full   0.971  
_refine_diff_density_max    3.739  
_refine_diff_density_min   -3.022  








_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '2010-11-19' 
_audit_author_name              'Benjamin, Sophie L.' 









# [{o-C6H4(SbMe2)(CH2)}2S] = [C18H24SSb2] 
# [thiobis(methylene-2,1-phenylene)]bis(dimethylstibine) (iLab defaults)  
# [sulfanediylbis(methanediylbenzene-2,1-diyl)]bis(dimethylstibane) (iLab selected 
options) 
# bis[(2-dimethylstibino)benzyl]sulfide  (based on slb suggestion) 
# bis[(2-dimethylstibanyl)benzyl]sulfane (based on slb suggestion) 
 
# [F3CSO3]- = triflate anion 
# trifluoromethanesulphonate (from CSD search - very few hits(2?)) 
# trifluoromethanesulfonate  (from CSD search - many hits with 'f' spelling)   
# trifluoromethanesulfonate  (iLab defaults & selected options) 
# (sodium) trifluoromethanesulfonate  (chemspider) 
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_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C21 H24 Mn O3 S Sb2 1+, C F3 O3 S 1-'  
_chemical_formula_sum            'C22 H24 F3 Mn O6 S2 Sb2' 
_chemical_formula_structural     '((C18 H24 S Sb2) Mn (C O)3) (C F3 S O3)'   
_chemical_formula_weight          803.97  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'S'  'S'   0.1246   0.1234  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Mn'  'Mn'   0.3368   0.7283  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting             monoclinic  
_symmetry_space_group_name_H-M    'P 2(1)/m'  
_space_group_name_Hall        '-P 2yb' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z'  
 '-x, -y, -z'  
 'x, -y-1/2, z'  
  
_cell_length_a                    8.7926(10)  
_cell_length_b                    14.589(2)  
_cell_length_c                    11.1433(10)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  106.534(8)  
_cell_angle_gamma                 90.00  
_cell_volume                      1370.3(3)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     120(2)  
_cell_measurement_reflns_used     3146  
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48  
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_exptl_crystal_description        block  
_exptl_crystal_colour             yellow  
_exptl_crystal_size_max           0.10  
_exptl_crystal_size_mid           0.10  
_exptl_crystal_size_min           0.09  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.949  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              780  
_exptl_absorpt_coefficient_mu     2.619  
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.7585 # exptl Tmin 
_exptl_absorpt_correction_T_max   1.0000 # and Tmax 




 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source          'Bruker-Nonius FR591 rotating anode' 
_diffrn_radiation_monochromator   '10cm confocal mirrors' 
_diffrn_measurement_device_type   'Bruker-Nonius APEX II CCD camera on \k-goniostat' 
_diffrn_measurement_method        '\f & \w scans' 
_diffrn_detector_area_resol_mean  '4096x4096pixels / 62x62mm' 
_diffrn_standards_number          0 
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             14910  
_diffrn_reflns_av_R_equivalents   0.0296  
_diffrn_reflns_av_sigmaI/netI     0.0246  
_diffrn_reflns_limit_h_min        -11  
_diffrn_reflns_limit_h_max        9  
_diffrn_reflns_limit_k_min        -16  
_diffrn_reflns_limit_k_max        18  
_diffrn_reflns_limit_l_min        -14  
_diffrn_reflns_limit_l_max        14  
_diffrn_reflns_theta_min          2.97  
_diffrn_reflns_theta_max          27.56  
_reflns_number_total              3233  
_reflns_number_gt                 3030  
_reflns_threshold_expression      I>2\s(I)  
 
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'DIRDIF-99 (Beurskens, 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)' 
_computing_molecular_graphics     ?  






 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0173P)^2^+2.0054P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          3233  
_refine_ls_number_parameters      175  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0274  
_refine_ls_R_factor_gt            0.0247  
_refine_ls_wR_factor_ref          0.0589  
_refine_ls_wR_factor_gt           0.0573  
_refine_ls_goodness_of_fit_ref    1.098  
_refine_ls_restrained_S_all       1.098  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Mn1 Mn 0.83571(6) 0.2500 0.83382(4) 0.01936(11) Uani 1 2 d S . .  
Sb1 Sb 0.78636(2) 0.120612(11) 0.670520(14) 0.02549(7) Uani 1 1 d . . .  
S1 S 0.56547(10) 0.2500 0.83018(8) 0.02696(19) Uani 1 2 d S . .  
S2 S 0.09710(12) 0.2500 0.46660(8) 0.0305(2) Uani 1 2 d S . .  
F1 F 0.0630(3) 0.2500 0.2249(2) 0.0388(5) Uani 1 2 d S . .  444 
 
F2 F -0.1189(2) 0.17640(13) 0.27852(15) 0.0438(4) Uani 1 1 d . . .  
O1 O 0.8967(3) 0.10308(14) 1.02526(17) 0.0366(5) Uani 1 1 d . . .  
O2 O 1.1758(3) 0.2500 0.8527(3) 0.0393(7) Uani 1 2 d S . .  
O3 O -0.0181(4) 0.2500 0.5368(2) 0.0362(6) Uani 1 2 d S . .  
O4 O 0.1856(3) 0.16625(16) 0.47522(19) 0.0464(5) Uani 1 1 d . . .  
C1  C 0.6519(4) 0.1246(2) 0.4789(3) 0.0444(8) Uani 1 1 d . . .  
H1A H 0.5568 0.1621 0.4698 0.067 Uiso 1 1 calc R . .  
H1B H 0.6206 0.0622 0.4495 0.067 Uiso 1 1 calc R . .  
H1C H 0.7164 0.1513 0.4291 0.067 Uiso 1 1 calc R . .  
C2  C 0.9814(4) 0.0376(2) 0.6672(3) 0.0417(7) Uani 1 1 d . . .  
H2A H 1.0551 0.0729 0.6339 0.062 Uiso 1 1 calc R . .  
H2B H 0.9438 -0.0159 0.6138 0.062 Uiso 1 1 calc R . .  
H2C H 1.0358 0.0172 0.7524 0.062 Uiso 1 1 calc R . .  
C3 C 0.6489(3) 0.0284(2) 0.7454(2) 0.0336(6) Uani 1 1 d . . .  
C4 C 0.6998(4) -0.0599(2) 0.7802(3) 0.0456(8) Uani 1 1 d . . .  
H4 H 0.7920 -0.0829 0.7621 0.055 Uiso 1 1 calc R . .  
C5 C 0.6169(6) -0.1153(2) 0.8416(4) 0.0610(11) Uani 1 1 d . . .  
H5 H 0.6525 -0.1759 0.8655 0.073 Uiso 1 1 calc R . .  
C6 C 0.4825(5) -0.0820(3) 0.8677(3) 0.0626(11) Uani 1 1 d . . .  
H6 H 0.4253 -0.1200 0.9090 0.075 Uiso 1 1 calc R . .  
C7 C 0.4314(4) 0.0059(3) 0.8341(3) 0.0503(9) Uani 1 1 d . . .  
H7 H 0.3393 0.0284 0.8529 0.060 Uiso 1 1 calc R . .  
C8 C 0.5131(3) 0.0625(2) 0.7729(2) 0.0370(7) Uani 1 1 d . . .  
C9  C 0.4515(3) 0.1566(2) 0.7337(3) 0.0376(7) Uani 1 1 d . . .  
H9A H 0.3402 0.1603 0.7365 0.045 Uiso 1 1 calc R . .  
H9B H 0.4514 0.1663 0.6457 0.045 Uiso 1 1 calc R . .  
C10 C 0.8706(3) 0.15979(18) 0.9516(2) 0.0253(5) Uani 1 1 d . . .  
C11 C 1.0416(4) 0.2500 0.8414(3) 0.0261(7) Uani 1 2 d S . .  
C12 C -0.0265(5) 0.2500 0.3040(3) 0.0295(8) Uani 1 2 d S . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Mn1 0.0200(2) 0.0216(2) 0.0157(2) 0.000 0.00383(18) 0.000  
Sb1 0.02991(11) 0.02582(10) 0.02123(10) -0.00533(6) 0.00808(7) -0.00423(6)  
S1 0.0221(4) 0.0349(5) 0.0240(4) 0.000 0.0067(3) 0.000  
S2 0.0356(5) 0.0326(5) 0.0202(4) 0.000 0.0027(3) 0.000  
F1 0.0448(14) 0.0477(14) 0.0260(11) 0.000 0.0132(10) 0.000  
F2 0.0494(10) 0.0473(10) 0.0326(8) -0.0103(8) 0.0079(7) -0.0182(8)  
O1 0.0503(12) 0.0310(10) 0.0252(9) 0.0064(8) 0.0056(8) -0.0001(9)  
O2 0.0266(15) 0.0488(18) 0.0437(16) 0.000 0.0122(12) 0.000  
O3 0.0509(18) 0.0347(15) 0.0243(13) 0.000 0.0131(12) 0.000  
O4 0.0504(13) 0.0492(13) 0.0346(11) 0.0065(10) 0.0042(9) 0.0191(11)  
C1 0.0531(19) 0.055(2) 0.0222(13) -0.0099(12) 0.0055(12) -0.0168(15)  
C2 0.0493(18) 0.0304(15) 0.0522(18) -0.0033(13) 0.0255(15) 0.0050(13)  
C3 0.0391(15) 0.0341(14) 0.0284(13) -0.0073(11) 0.0108(11) -0.0132(12)  
C4 0.063(2) 0.0338(16) 0.0412(17) -0.0062(13) 0.0163(15) -0.0125(15)  
C5 0.096(3) 0.0376(19) 0.050(2) -0.0033(15) 0.021(2) -0.0253(19)  
C6 0.086(3) 0.065(3) 0.0414(18) -0.0107(17) 0.0257(19) -0.046(2)     
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C7 0.0495(19) 0.066(2) 0.0387(16) -0.0151(16) 0.0179(14) -0.0307(17)  
C8 0.0360(15) 0.0467(17) 0.0273(13) -0.0124(12) 0.0072(11) -0.0172(13)  
C9 0.0223(13) 0.0566(19) 0.0319(14) -0.0112(13) 0.0044(10) -0.0099(12)  
C10 0.0281(12) 0.0275(12) 0.0193(11) -0.0041(10) 0.0050(9) -0.0019(10)  
C11 0.0287(19) 0.0282(18) 0.0221(16) 0.000 0.0088(14) 0.000  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Mn1 C11 1.788(4) . ?  
Mn1 C10 1.822(3) 4_565 ?  
Mn1 C10 1.822(3) . ?  
Mn1 S1  2.3649(11) . ?  
Mn1 Sb1 2.5716(4) . ?  
Mn1 Sb1 2.5716(4) 4_565 ?  
Sb1 C2 2.108(3) . ?  
Sb1 C1 2.127(3) . ?  
Sb1 C3 2.131(3) . ?  
S1 C9 1.844(3) . ?  
S1 C9 1.844(3) 4_565 ?  
S2 O4 1.437(2) 4_565 ?  
S2 O4 1.437(2) . ?  
S2 O3 1.445(3) . ?  
S2 C12 1.829(4) . ?  
F1 C12 1.337(4) . ?  
F2 C12 1.327(3) . ?  
O1 C10 1.142(3) . ?  
O2 C11 1.151(4) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
C3 C4 1.383(4) . ?  
C3 C8 1.405(4) . ?  
C4 C5 1.391(5) . ?  
C4 H4 0.9500 . ?  
C5 C6 1.383(6) . ?  
C5 H5 0.9500 . ?  446 
 
C6 C7 1.376(6) . ?  
C6 H6 0.9500 . ?  
C7 C8 1.394(4) . ?  
C7 H7 0.9500 . ?  
C8 C9 1.495(5) . ?  
C9 H9A 0.9900 . ?  
C9 H9B 0.9900 . ?  
C12 F2 1.327(3) 4_565 ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C11 Mn1 C10 90.32(11) . 4_565 ?  
C11 Mn1 C10 90.32(11) . . ?  
C10 Mn1 C10 92.52(15) 4_565 . ?  
C11 Mn1 S1 178.36(11) . . ?  
C10 Mn1 S1 88.54(8) 4_565 . ?  
C10 Mn1 S1 88.54(8) . . ?  
C11 Mn1 Sb1 89.88(8) . . ?  
C10 Mn1 Sb1 179.01(8) 4_565 . ?  
C10 Mn1 Sb1 86.52(8) . . ?  
S1 Mn1 Sb1 91.23(2) . . ?  
C11 Mn1 Sb1 89.88(8) . 4_565 ?  
C10 Mn1 Sb1 86.52(8) 4_565 4_565 ?  
C10 Mn1 Sb1 179.01(8) . 4_565 ?  
S1 Mn1 Sb1 91.23(2) . 4_565 ?  
Sb1 Mn1 Sb1 94.45(2) . 4_565 ?  
C2 Sb1 C1 102.74(13) . . ?  
C2 Sb1 C3 101.48(12) . . ?  
C1 Sb1 C3 101.25(11) . . ?  
C2 Sb1 Mn1 117.38(9) . . ?  
C1 Sb1 Mn1 128.61(10) . . ?  
C3 Sb1 Mn1 100.75(7) . . ?  
C9 S1 C9 95.2(2) . 4_565 ?  
C9 S1 Mn1 112.72(10) . . ?  
C9 S1 Mn1 112.72(10) 4_565 . ?  
O4 S2 O4 116.4(2) 4_565 . ?  
O4 S2 O3 114.43(11) 4_565 . ?  
O4 S2 O3 114.43(11) . . ?  
O4 S2 C12 102.95(11) 4_565 . ?  
O4 S2 C12 102.95(11) . . ?  
O3 S2 C12 103.06(18) . . ?  
Sb1 C1 H1A 109.5 . . ?  
Sb1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Sb1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
Sb1 C2 H2A 109.5 . . ?     
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Sb1 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
Sb1 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  
C4 C3 C8 119.7(3) . . ?  
C4 C3 Sb1 121.6(2) . . ?  
C8 C3 Sb1 118.3(2) . . ?  
C3 C4 C5 120.4(4) . . ?  
C3 C4 H4 119.8 . . ?  
C5 C4 H4 119.8 . . ?  
C6 C5 C4 119.9(4) . . ?  
C6 C5 H5 120.1 . . ?  
C4 C5 H5 120.1 . . ?  
C7 C6 C5 120.2(3) . . ?  
C7 C6 H6 119.9 . . ?  
C5 C6 H6 119.9 . . ?  
C6 C7 C8 120.8(4) . . ?  
C6 C7 H7 119.6 . . ?  
C8 C7 H7 119.6 . . ?  
C7 C8 C3 119.1(3) . . ?  
C7 C8 C9 119.5(3) . . ?  
C3 C8 C9 121.4(3) . . ?  
C8 C9 S1 114.60(19) . . ?  
C8 C9 H9A 108.6 . . ?  
S1 C9 H9A 108.6 . . ?  
C8 C9 H9B 108.6 . . ?  
S1 C9 H9B 108.6 . . ?  
H9A C9 H9B 107.6 . . ?  
O1 C10 Mn1 178.1(2) . . ?  
O2 C11 Mn1 176.6(3) . . ?  
F2 C12 F2 108.0(3) . 4_565 ?  
F2 C12 F1 107.4(2) . . ?  
F2 C12 F1 107.4(2) 4_565 . ?  
F2 C12 S2 111.51(19) . . ?  
F2 C12 S2 111.51(19) 4_565 . ?  
F1 C12 S2 110.9(3) . . ?  
  
_diffrn_measured_fraction_theta_max    0.981  
_diffrn_reflns_theta_full              27.56  
_diffrn_measured_fraction_theta_full   0.981  
_refine_diff_density_max    0.681  
_refine_diff_density_min   -0.622  








_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '2011-01-05' 
_audit_author_name              'Benjamin, Sophie L.' 448 
 
_audit_update_record             









# C19H27NSb2 = MeN{CH2(o-C6H4(SbMe2))}2 
# N-[2-(dimethylstibino)benzyl]-1-[2-(dimethylstibino)phenyl]- 
#     -N-methylmethanamine (iLab IUPAC (defaults)) 
# bis(N-(2-(dimethylstibanyl)benzyl))-methanamine (mw) 
 
# [F3CSO3]- = triflate anion 
# trifluoromethanesulphonate (from CSD search - very few hits(2?)) 
# trifluoromethanesulfonate  (from CSD search - many hits with 'f' spelling)   
# trifluoromethanesulfonate  (iLab defaults & selected options) 
# (sodium) trifluoromethanesulfonate  (chemspider) 
 
  
   
_chemical_name_common             ?  
_chemical_melting_point           ? 
_chemical_formula_moiety         'C22 H27 Mn N O3 Sb2 1+, C F3 O3 S 1-'  
_chemical_formula_sum            'C23 H27 F3 Mn N O6 S Sb2'  
_chemical_formula_weight          800.96  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Mn'  'Mn'   0.3368   0.7283  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'S'  'S'   0.1246   0.1234  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            Monoclinic 
_symmetry_space_group_name_H-M   'P 2(1)/n'    
449 
 
_space_group_name_Hall       '-P 2yn' 
_space_group_IT_number            14 
 
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x+1/2, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x-1/2, -y-1/2, z-1/2'  
  
_cell_length_a                    11.2440(15)  
_cell_length_b                    14.737(2)  
_cell_length_c                    17.721(3)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  107.168(10)  
_cell_angle_gamma                 90.00  
_cell_volume                      2805.7(7)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     120(2)  
_cell_measurement_reflns_used     6375  
_cell_measurement_theta_min       2.91 
_cell_measurement_theta_max       27.48 
  
_exptl_crystal_description        rhombus  
_exptl_crystal_colour             yellow 
_exptl_crystal_size_max           0.12  
_exptl_crystal_size_mid           0.08  
_exptl_crystal_size_min           0.04  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.896  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1560  
_exptl_absorpt_coefficient_mu     2.487  
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.8942 # Exptl Tmin 
_exptl_absorpt_correction_T_max   1.0000 # and Tmax 




 ?  
;  
  
_diffrn_ambient_temperature       120(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source          'Bruker-Nonius FR591 rotating anode' 
_diffrn_radiation_monochromator   '10cm confocal mirrors' 
_diffrn_measurement_device_type   'Bruker-Nonius APEX II CCD camera on \k-goniostat' 
_diffrn_measurement_method        '\f & \w scans' 
_diffrn_detector_area_resol_mean  '4096x4096pixels / 62x62mm' 
_diffrn_standards_number          0 
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  450 
 
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             27167  
_diffrn_reflns_av_R_equivalents   0.0650  
_diffrn_reflns_av_sigmaI/netI     0.0530  
_diffrn_reflns_limit_h_min        -13  
_diffrn_reflns_limit_h_max        13  
_diffrn_reflns_limit_k_min        -18  
_diffrn_reflns_limit_k_max        17  
_diffrn_reflns_limit_l_min        -21  
_diffrn_reflns_limit_l_max        21  
_diffrn_reflns_theta_min          2.93  
_diffrn_reflns_theta_max          26.00  
_reflns_number_total              5493  
_reflns_number_gt                 4205  
_reflns_threshold_expression      I>2\s(I)  
 
_computing_data_collection        'COLLECT (Hooft, R.W.W., 1998)' 
_computing_cell_refinement        'DENZO (Otwinowski & Minor, 1997)' 
_computing_data_reduction         'DENZO (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'DIRDIF-99 (Beurskens, 1999)'  
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0000P)^2^+40.5500P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          5493  
_refine_ls_number_parameters      334  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0888  
_refine_ls_R_factor_gt            0.0616  
_refine_ls_wR_factor_ref          0.1259  
_refine_ls_wR_factor_gt           0.1121  
_refine_ls_goodness_of_fit_ref    1.081     
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_refine_ls_restrained_S_all       1.081  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Mn1 Mn 0.87656(10) 0.22256(8) 0.18208(6) 0.0226(3) Uani 1 1 d . . .  
Sb1 Sb 0.76067(5) 0.09134(4) 0.09622(3) 0.02859(16) Uani 1 1 d . . .  
Sb2 Sb 0.76508(5) 0.34899(4) 0.08846(3) 0.02740(15) Uani 1 1 d . . .  
O1 O 0.9995(6) 0.0836(5) 0.2997(4) 0.054(2) Uani 1 1 d . . .  
O2 O 1.0120(6) 0.3614(5) 0.2953(4) 0.0471(18) Uani 1 1 d . . .  
O3 O 0.6748(6) 0.2272(6) 0.2570(4) 0.060(2) Uani 1 1 d . . .  
N1 N 1.0262(5) 0.2180(4) 0.1225(3) 0.0195(13) Uani 1 1 d . . .  
C1 C 0.6407(10) 0.0131(8) 0.1424(8) 0.070(4) Uani 1 1 d . . .  
H1A H 0.5641 0.0473 0.1379 0.104 Uiso 1 1 calc R . .  
H1B H 0.6822 -0.0006 0.1981 0.104 Uiso 1 1 calc R . .  
H1C H 0.6201 -0.0437 0.1127 0.104 Uiso 1 1 calc R . .  
C2 C 0.6680(9) 0.0872(7) -0.0270(5) 0.048(3) Uani 1 1 d . . .  
H2A H 0.5944 0.1263 -0.0390 0.073 Uiso 1 1 calc R . .  
H2B H 0.6424 0.0247 -0.0427 0.073 Uiso 1 1 calc R . .  
H2C H 0.7245 0.1085 -0.0560 0.073 Uiso 1 1 calc R . .  
C3 C 0.9168(8) 0.0040(6) 0.1128(6) 0.037(2) Uani 1 1 d . . .  
C4 C 0.9223(9) -0.0821(6) 0.1464(7) 0.059(3) Uani 1 1 d . . .  
H4 H 0.8484 -0.1100 0.1508 0.070 Uiso 1 1 calc R . .  
C5 C 1.0370(10) -0.1281(7) 0.1737(8) 0.063(4) Uani 1 1 d . . .  
H5 H 1.0407 -0.1865 0.1969 0.075 Uiso 1 1 calc R . .  
C6 C 1.1418(9) -0.0885(6) 0.1668(6) 0.048(3) Uani 1 1 d . . .  
H6 H 1.2190 -0.1197 0.1849 0.058 Uiso 1 1 calc R . .  
C7 C 1.1380(8) -0.0023(6) 0.1335(5) 0.034(2) Uani 1 1 d . . .  
H7 H 1.2123 0.0245 0.1287 0.041 Uiso 1 1 calc R . .  
C8 C 1.0260(7) 0.0445(5) 0.1073(5) 0.0280(18) Uani 1 1 d . . .  
C9 C 1.0237(8) 0.1367(5) 0.0690(5) 0.0269(18) Uani 1 1 d . . .  
H9A H 0.9477 0.1406 0.0234 0.032 Uiso 1 1 calc R . .  
H9B H 1.0962 0.1409 0.0483 0.032 Uiso 1 1 calc R . .  
C10 C 1.1507(6) 0.2176(6) 0.1839(4) 0.0238(16) Uani 1 1 d . . .  
H10A H 1.1557 0.2687 0.2202 0.036 Uiso 1 1 calc R . .  
H10B H 1.2165 0.2234 0.1582 0.036 Uiso 1 1 calc R . .  
H10C H 1.1614 0.1606 0.2136 0.036 Uiso 1 1 calc R . .  
C11 C 1.0295(7) 0.2973(5) 0.0674(5) 0.0246(17) Uani 1 1 d . . .  
H11A H 1.1039 0.2899 0.0489 0.029 Uiso 1 1 calc R . .  
H11B H 0.9555 0.2925 0.0205 0.029 Uiso 1 1 calc R . .  
C12 C 1.0322(7) 0.3915(5) 0.1009(5) 0.0252(17) Uani 1 1 d . . .  452 
 
C13 C 1.1448(8) 0.4388(6) 0.1261(5) 0.035(2) Uani 1 1 d . . .  
H13 H 1.2196 0.4105 0.1239 0.042 Uiso 1 1 calc R . .  
C14 C 1.1480(9) 0.5270(6) 0.1543(6) 0.044(2) Uani 1 1 d . . .  
H14 H 1.2255 0.5576 0.1730 0.053 Uiso 1 1 calc R . .  
C15 C 1.0407(9) 0.5704(7) 0.1555(7) 0.055(3) Uani 1 1 d . . .  
H15 H 1.0431 0.6314 0.1731 0.067 Uiso 1 1 calc R . .  
C16 C 0.9275(9) 0.5235(6) 0.1305(7) 0.049(3) Uani 1 1 d . . .  
H16 H 0.8529 0.5526 0.1320 0.059 Uiso 1 1 calc R . .  
C17 C 0.9236(8) 0.4356(6) 0.1038(5) 0.0314(19) Uani 1 1 d . . .  
C18 C 0.6387(9) 0.4340(7) 0.1236(7) 0.055(3) Uani 1 1 d . . .  
H18A H 0.5615 0.4007 0.1191 0.082 Uiso 1 1 calc R . .  
H18B H 0.6203 0.4877 0.0895 0.082 Uiso 1 1 calc R . .  
H18C H 0.6760 0.4529 0.1786 0.082 Uiso 1 1 calc R . .  
C19 C 0.6878(8) 0.3417(7) -0.0363(5) 0.044(2) Uani 1 1 d . . .  
H19A H 0.7406 0.3034 -0.0583 0.066 Uiso 1 1 calc R . .  
H19B H 0.6831 0.4028 -0.0588 0.066 Uiso 1 1 calc R . .  
H19C H 0.6040 0.3156 -0.0492 0.066 Uiso 1 1 calc R . .  
C20 C 0.9527(8) 0.1371(6) 0.2520(5) 0.036(2) Uani 1 1 d . . .  
C21 C 0.9602(8) 0.3093(7) 0.2500(5) 0.036(2) Uani 1 1 d . . .  
C22 C 0.7515(8) 0.2258(7) 0.2266(5) 0.042(2) Uani 1 1 d . . .  
S1 S 0.40830(17) 0.22851(15) 0.06065(12) 0.0282(4) Uani 1 1 d . . .  
O4 O 0.3505(6) 0.1427(5) 0.0605(5) 0.0518(19) Uani 1 1 d . . .  
O5 O 0.5394(5) 0.2251(4) 0.0662(3) 0.0325(13) Uani 1 1 d . . .  
O6 O 0.3760(6) 0.2963(5) 0.1084(4) 0.054(2) Uani 1 1 d . . .  
F1 F 0.3680(5) 0.2162(6) -0.0909(3) 0.071(2) Uani 1 1 d . . .  
F2 F 0.2140(4) 0.2731(4) -0.0572(3) 0.0469(14) Uani 1 1 d . . .  
F3 F 0.3784(6) 0.3529(5) -0.0484(5) 0.083(3) Uani 1 1 d . . .  
C23 C 0.3390(8) 0.2695(7) -0.0395(5) 0.038(2) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Mn1 0.0180(5) 0.0322(6) 0.0188(5) -0.0024(5) 0.0072(4) -0.0058(5)  
Sb1 0.0201(3) 0.0233(3) 0.0359(3) 0.0028(2) -0.0017(2) -0.0055(2)  
Sb2 0.0178(3) 0.0239(3) 0.0399(3) -0.0020(2) 0.0077(2) 0.0001(2)  
O1 0.041(4) 0.066(5) 0.042(4) 0.024(4) -0.006(3) -0.020(4)  
O2 0.027(3) 0.070(5) 0.045(4) -0.033(4) 0.012(3) -0.013(3)  
O3 0.029(3) 0.121(7) 0.036(4) -0.009(4) 0.021(3) -0.017(4)  
N1 0.019(3) 0.020(3) 0.020(3) 0.005(3) 0.006(2) 0.002(3)  
C1 0.043(6) 0.055(7) 0.095(9) 0.049(7) -0.004(6) -0.018(5)  
C2 0.039(5) 0.048(6) 0.040(5) -0.028(5) -0.017(4) 0.019(5)  
C3 0.023(4) 0.020(4) 0.054(6) 0.000(4) -0.010(4) -0.001(3)  
C4 0.032(5) 0.027(5) 0.099(9) 0.015(5) -0.008(6) -0.007(4)  
C5 0.041(6) 0.027(5) 0.104(10) 0.016(6) -0.004(6) -0.001(4)  
C6 0.034(5) 0.032(5) 0.059(6) -0.005(5) -0.015(5) 0.006(4)  
C7 0.038(5) 0.026(4) 0.034(5) -0.006(4) 0.003(4) -0.001(4)  
C8 0.025(4) 0.022(4) 0.028(4) -0.001(3) -0.006(3) 0.005(3)  
C9 0.028(4) 0.029(4) 0.022(4) -0.007(3) 0.004(3) 0.003(3)  
C10 0.014(3) 0.028(4) 0.028(4) -0.002(3) 0.005(3) 0.001(3)     
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C11 0.016(4) 0.029(4) 0.026(4) 0.007(3) 0.001(3) -0.002(3)  
C12 0.019(4) 0.025(4) 0.031(4) 0.003(3) 0.007(3) -0.006(3)  
C13 0.025(4) 0.036(5) 0.041(5) 0.004(4) 0.005(4) -0.006(4)  
C14 0.032(5) 0.029(5) 0.068(7) 0.009(5) 0.007(5) -0.014(4)  
C15 0.038(6) 0.028(5) 0.092(9) -0.005(5) 0.006(6) 0.002(4)  
C16 0.034(5) 0.026(5) 0.084(8) 0.001(5) 0.012(5) 0.003(4)  
C17 0.024(4) 0.029(5) 0.041(5) 0.007(4) 0.009(4) -0.001(3)  
C18 0.025(5) 0.041(6) 0.097(9) -0.018(6) 0.016(5) 0.002(4)  
C19 0.026(5) 0.057(6) 0.042(5) 0.019(5) -0.002(4) 0.001(4)  
C20 0.024(4) 0.049(6) 0.030(5) 0.008(4) 0.003(4) -0.016(4)  
C21 0.022(4) 0.059(6) 0.032(5) -0.011(4) 0.015(4) -0.004(4)  
C22 0.026(4) 0.074(7) 0.022(4) -0.009(5) 0.002(4) -0.016(5)  
S1 0.0191(9) 0.0384(12) 0.0287(10) -0.0011(9) 0.0097(8) -0.0011(9)  
O4 0.029(3) 0.044(4) 0.085(5) 0.022(4) 0.019(4) -0.003(3)  
O5 0.017(3) 0.043(3) 0.038(3) -0.002(3) 0.010(2) 0.001(3)  
O6 0.029(3) 0.077(5) 0.058(4) -0.035(4) 0.018(3) -0.005(3)  
F1 0.042(3) 0.138(6) 0.033(3) -0.008(4) 0.012(3) 0.033(4)  
F2 0.024(3) 0.070(4) 0.045(3) 0.016(3) 0.008(2) 0.013(3)  
F3 0.047(4) 0.073(5) 0.138(7) 0.070(5) 0.040(4) 0.014(3)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Mn1 C20 1.797(9) . ?  
Mn1 C22 1.806(9) . ?  
Mn1 C21 1.817(9) . ?  
Mn1 N1 2.236(6) . ?  
Mn1 Sb2 2.5628(14) . ?  
Mn1 Sb1 2.5656(13) . ?  
Sb1 C1 2.115(10) . ?  
Sb1 C2 2.124(9) . ?  
Sb1 C3 2.126(8) . ?  
Sb2 C18 2.121(9) . ?  
Sb2 C19 2.126(9) . ?  
Sb2 C17 2.144(8) . ?  
O1 C20 1.162(10) . ?  
O2 C21 1.139(10) . ?  
O3 C22 1.144(10) . ?  
N1 C10 1.498(9) . ?  
N1 C9 1.524(9) . ?  454 
 
N1 C11 1.530(9) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
C3 C8 1.395(12) . ?  
C3 C4 1.395(12) . ?  
C4 C5 1.410(14) . ?  
C4 H4 0.9500 . ?  
C5 C6 1.352(15) . ?  
C5 H5 0.9500 . ?  
C6 C7 1.396(13) . ?  
C6 H6 0.9500 . ?  
C7 C8 1.391(11) . ?  
C7 H7 0.9500 . ?  
C8 C9 1.515(11) . ?  
C9 H9A 0.9900 . ?  
C9 H9B 0.9900 . ?  
C10 H10A 0.9800 . ?  
C10 H10B 0.9800 . ?  
C10 H10C 0.9800 . ?  
C11 C12 1.507(11) . ?  
C11 H11A 0.9900 . ?  
C11 H11B 0.9900 . ?  
C12 C13 1.397(11) . ?  
C12 C17 1.397(11) . ?  
C13 C14 1.389(13) . ?  
C13 H13 0.9500 . ?  
C14 C15 1.371(14) . ?  
C14 H14 0.9500 . ?  
C15 C16 1.400(13) . ?  
C15 H15 0.9500 . ?  
C16 C17 1.375(13) . ?  
C16 H16 0.9500 . ?  
C18 H18A 0.9800 . ?  
C18 H18B 0.9800 . ?  
C18 H18C 0.9800 . ?  
C19 H19A 0.9800 . ?  
C19 H19B 0.9800 . ?  
C19 H19C 0.9800 . ?  
S1 O4 1.421(7) . ?  
S1 O6 1.423(7) . ?  
S1 O5 1.449(5) . ?  
S1 C23 1.818(9) . ?  
F1 C23 1.315(11) . ?  
F2 C23 1.347(10) . ?  
F3 C23 1.332(11) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3     
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 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C20 Mn1 C22 89.5(4) . . ?  
C20 Mn1 C21 89.3(4) . . ?  
C22 Mn1 C21 90.5(4) . . ?  
C20 Mn1 N1 91.9(3) . . ?  
C22 Mn1 N1 177.9(3) . . ?  
C21 Mn1 N1 91.1(3) . . ?  
C20 Mn1 Sb2 176.9(3) . . ?  
C22 Mn1 Sb2 88.2(3) . . ?  
C21 Mn1 Sb2 88.6(3) . . ?  
N1 Mn1 Sb2 90.50(15) . . ?  
C20 Mn1 Sb1 86.3(3) . . ?  
C22 Mn1 Sb1 87.4(3) . . ?  
C21 Mn1 Sb1 175.2(3) . . ?  
N1 Mn1 Sb1 91.08(16) . . ?  
Sb2 Mn1 Sb1 95.64(4) . . ?  
C1 Sb1 C2 101.9(5) . . ?  
C1 Sb1 C3 102.2(4) . . ?  
C2 Sb1 C3 105.0(4) . . ?  
C1 Sb1 Mn1 116.9(4) . . ?  
C2 Sb1 Mn1 129.8(3) . . ?  
C3 Sb1 Mn1 96.9(2) . . ?  
C18 Sb2 C19 103.4(4) . . ?  
C18 Sb2 C17 102.4(4) . . ?  
C19 Sb2 C17 103.4(3) . . ?  
C18 Sb2 Mn1 118.8(3) . . ?  
C19 Sb2 Mn1 127.5(3) . . ?  
C17 Sb2 Mn1 97.0(2) . . ?  
C10 N1 C9 106.9(6) . . ?  
C10 N1 C11 105.9(6) . . ?  
C9 N1 C11 101.7(5) . . ?  
C10 N1 Mn1 109.2(4) . . ?  
C9 N1 Mn1 116.0(5) . . ?  
C11 N1 Mn1 116.2(4) . . ?  
Sb1 C1 H1A 109.5 . . ?  
Sb1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Sb1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
Sb1 C2 H2A 109.5 . . ?  
Sb1 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
Sb1 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  
C8 C3 C4 119.4(8) . . ?  
C8 C3 Sb1 116.0(6) . . ?  
C4 C3 Sb1 122.7(8) . . ?  
C3 C4 C5 120.3(10) . . ?  
C3 C4 H4 119.9 . . ?  456 
 
C5 C4 H4 119.9 . . ?  
C6 C5 C4 119.7(9) . . ?  
C6 C5 H5 120.2 . . ?  
C4 C5 H5 120.2 . . ?  
C5 C6 C7 120.8(9) . . ?  
C5 C6 H6 119.6 . . ?  
C7 C6 H6 119.6 . . ?  
C8 C7 C6 120.3(9) . . ?  
C8 C7 H7 119.9 . . ?  
C6 C7 H7 119.9 . . ?  
C7 C8 C3 119.6(8) . . ?  
C7 C8 C9 119.2(8) . . ?  
C3 C8 C9 121.1(7) . . ?  
C8 C9 N1 115.6(6) . . ?  
C8 C9 H9A 108.4 . . ?  
N1 C9 H9A 108.4 . . ?  
C8 C9 H9B 108.4 . . ?  
N1 C9 H9B 108.4 . . ?  
H9A C9 H9B 107.4 . . ?  
N1 C10 H10A 109.5 . . ?  
N1 C10 H10B 109.5 . . ?  
H10A C10 H10B 109.5 . . ?  
N1 C10 H10C 109.5 . . ?  
H10A C10 H10C 109.5 . . ?  
H10B C10 H10C 109.5 . . ?  
C12 C11 N1 117.0(6) . . ?  
C12 C11 H11A 108.1 . . ?  
N1 C11 H11A 108.1 . . ?  
C12 C11 H11B 108.1 . . ?  
N1 C11 H11B 108.1 . . ?  
H11A C11 H11B 107.3 . . ?  
C13 C12 C17 118.4(8) . . ?  
C13 C12 C11 119.8(7) . . ?  
C17 C12 C11 121.8(7) . . ?  
C14 C13 C12 120.4(9) . . ?  
C14 C13 H13 119.8 . . ?  
C12 C13 H13 119.8 . . ?  
C15 C14 C13 120.8(9) . . ?  
C15 C14 H14 119.6 . . ?  
C13 C14 H14 119.6 . . ?  
C14 C15 C16 119.1(9) . . ?  
C14 C15 H15 120.4 . . ?  
C16 C15 H15 120.4 . . ?  
C17 C16 C15 120.5(9) . . ?  
C17 C16 H16 119.8 . . ?  
C15 C16 H16 119.8 . . ?  
C16 C17 C12 120.7(8) . . ?  
C16 C17 Sb2 123.0(7) . . ?  
C12 C17 Sb2 114.9(6) . . ?  
Sb2 C18 H18A 109.5 . . ?  
Sb2 C18 H18B 109.5 . . ?  
H18A C18 H18B 109.5 . . ?  
Sb2 C18 H18C 109.5 . . ?  
H18A C18 H18C 109.5 . . ?     
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H18B C18 H18C 109.5 . . ?  
Sb2 C19 H19A 109.5 . . ?  
Sb2 C19 H19B 109.5 . . ?  
H19A C19 H19B 109.5 . . ?  
Sb2 C19 H19C 109.5 . . ?  
H19A C19 H19C 109.5 . . ?  
H19B C19 H19C 109.5 . . ?  
O1 C20 Mn1 176.8(9) . . ?  
O2 C21 Mn1 176.9(9) . . ?  
O3 C22 Mn1 177.9(8) . . ?  
O4 S1 O6 115.4(4) . . ?  
O4 S1 O5 115.1(4) . . ?  
O6 S1 O5 114.6(4) . . ?  
O4 S1 C23 103.3(4) . . ?  
O6 S1 C23 103.6(5) . . ?  
O5 S1 C23 102.3(4) . . ?  
F1 C23 F3 108.0(8) . . ?  
F1 C23 F2 108.4(8) . . ?  
F3 C23 F2 107.3(8) . . ?  
F1 C23 S1 110.8(6) . . ?  
F3 C23 S1 111.2(7) . . ?  
F2 C23 S1 111.0(6) . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C8 C9 N1 C11 177.3(6) . . . . ?  
C9 N1 C11 C12 179.8(6) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.997  
_diffrn_reflns_theta_full              26.00  
_diffrn_measured_fraction_theta_full   0.997  
_refine_diff_density_max    3.186  
_refine_diff_density_min   -0.753  








_audit_creation_method          'SHELXL-97  hand edit' 
_audit_creation_date            '2012-03-06' 







_chemical_name_common             ? 
_chemical_melting_point           ? 
_chemical_formula_moiety          'C25 H30 N1 Sb2 1+, I1 1-, C1 H2 Cl2' 
_chemical_formula_sum 
 'C26 H32 Cl2 I N Sb2' 








 'C'  'C'   0.0033   0.0016 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'H'  'H'   0.0000   0.0000 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'N'  'N'   0.0061   0.0033 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'Sb'  'Sb'  -0.5866   1.5461 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'I'  'I'  -0.4742   1.8119 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'Cl'  'Cl'   0.1484   0.1585 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
  
_symmetry_cell_setting             Triclinic  
_symmetry_space_group_name_H-M    'P-1' 
_space_group_IT_number             2          




 'x, y, z' 
 '-x, -y, -z' 
  
_cell_length_a                    9.6461(13) 
_cell_length_b                    11.2438(16) 
_cell_length_c                    13.686(2) 
_cell_angle_alpha                 102.791(7) 
_cell_angle_beta                  93.471(7) 
_cell_angle_gamma                 102.749(7) 
_cell_volume                      1402.5(3) 
_cell_formula_units_Z             2 
_cell_measurement_temperature     120(2) 
_cell_measurement_reflns_used     13943 
_cell_measurement_theta_min       3.1 
_cell_measurement_theta_max       27.5 
  
_exptl_crystal_description        'Block'    
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_exptl_crystal_colour             'Colourless' 
_exptl_crystal_size_max           0.76 
_exptl_crystal_size_mid           0.26 
_exptl_crystal_size_min           0.10 
_exptl_crystal_density_meas       ? 
_exptl_crystal_density_diffrn     1.894 
_exptl_crystal_density_method     'not measured' 
_exptl_crystal_F_000              768 
_exptl_absorpt_coefficient_mu     3.232 
_exptl_absorpt_correction_type    'multi-scan' 
_exptl_absorpt_correction_T_min   0.500 
_exptl_absorpt_correction_T_max   1.000 
_exptl_absorpt_process_details   
; 
Jacobson, R. (1998). REQAB. Private communication to the  








_diffrn_ambient_temperature       120(2) 
_diffrn_source_power              2 
_diffrn_source_voltage            50 
_diffrn_source_current            40 
_diffrn_source                   'Sealed X-Ray tube' 
_diffrn_source_target      Mo 
_diffrn_source_size      '12mm x 0.4 mm long fine-focus' 
 
_diffrn_radiation_wavelength      0.71073 
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_xray_symbol     K-L~2,3~ 
_diffrn_radiation_monochromator   graphite 
_diffrn_radiation_collimation    '0.3 mm' 
 
_diffrn_detector                        'Image plate' 
_diffrn_detector_type                   'Rigaku Curved Fujifilm ' 
_diffrn_detector_area_resol_mean        10   
 
_diffrn_measurement_device    'three-circle quarter \c diffractometer' 
_diffrn_measurement_device_type         'Rigaku R-AXIS SPIDER IP' 
_diffrn_measurement_method              'profile data from oscillation \w-scans' 
_diffrn_measurement_specimen_support  'MiTeGen micromount' 
 
_diffrn_standards_number          ? 
_diffrn_standards_interval_count  ? 
_diffrn_standards_interval_time   ? 
_diffrn_standards_decay_%         ? 
_diffrn_reflns_number             17910 
_diffrn_reflns_av_R_equivalents   0.0279 
_diffrn_reflns_av_sigmaI/netI     0.0335 
_diffrn_reflns_limit_h_min        -12 460 
 
_diffrn_reflns_limit_h_max        12 
_diffrn_reflns_limit_k_min        -14 
_diffrn_reflns_limit_k_max        14 
_diffrn_reflns_limit_l_min        -17 
_diffrn_reflns_limit_l_max        17 
_diffrn_reflns_theta_min          3.07 
_diffrn_reflns_theta_max          27.48 
_reflns_number_total              6321 
_reflns_number_gt                 5741 
_reflns_threshold_expression      I>2\sigma(I) 
  
_computing_data_collection 
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_cell_refinement  
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_data_reduction    
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_structure_solution  
   'SHELXS-97 (Sheldrick, 1997)'  
_computing_structure_refinement   
   'SHELXL-97 (Sheldrick, 2008)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and 
 goodness of fit S are based on F^2^, conventional R-factors R are based 
 on F, with F set to zero for negative F^2^. The threshold expression of 
 F^2^ > 2\s(F^2^) is used only for calculating R-factors(gt) etc. and is 
 not relevant to the choice of reflections for refinement.  R-factors based 
 on F^2^ are statistically about twice as large as those based on F, and R- 
 factors based on ALL data will be even larger. 
; 
  
_refine_ls_structure_factor_coef  Fsqd 
_refine_ls_matrix_type            full 
_refine_ls_weighting_scheme       calc 
_refine_ls_weighting_details 
 'calc w=1/[\s^2^(Fo^2^)+(0.0369P)^2^+10.4721P] where P=(Fo^2^+2Fc^2^)/3' 
_atom_sites_solution_primary      direct 
_atom_sites_solution_secondary    difmap 
_atom_sites_solution_hydrogens    geom 
_refine_ls_hydrogen_treatment     constr 
_refine_ls_extinction_method      none 
_refine_ls_extinction_coef        ? 
_refine_ls_number_reflns          6321 
_refine_ls_number_parameters      289 
_refine_ls_number_restraints      0 
_refine_ls_R_factor_all           0.0425 
_refine_ls_R_factor_gt            0.0383 
_refine_ls_wR_factor_ref          0.1063 
_refine_ls_wR_factor_gt           0.1024 
_refine_ls_goodness_of_fit_ref    1.056    
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_refine_ls_restrained_S_all       1.056 
_refine_ls_shift/su_max           0.017 
















Sb1 Sb 0.25541(3) 1.23866(3) 0.29669(2) 0.01871(9) Uani 1 1 d . . . 
Sb2 Sb 0.53961(4) 0.88009(4) 0.31493(3) 0.03097(11) Uani 1 1 d . . . 
N1 N 0.4469(4) 1.1792(4) 0.1863(3) 0.0198(8) Uani 1 1 d . . . 
C1 C 0.4247(6) 1.3365(5) 0.4115(4) 0.0275(11) Uani 1 1 d . . . 
H1A H 0.4339 1.4271 0.4220 0.041 Uiso 1 1 calc R . . 
H1B H 0.5142 1.3163 0.3914 0.041 Uiso 1 1 calc R . . 
H1C H 0.4044 1.3113 0.4743 0.041 Uiso 1 1 calc R . . 
C2 C 0.0712(6) 1.2664(6) 0.3689(4) 0.0308(12) Uani 1 1 d . . . 
H2A H 0.0773 1.3566 0.3914 0.046 Uiso 1 1 calc R . . 
H2B H 0.0667 1.2290 0.4271 0.046 Uiso 1 1 calc R . . 
H2C H -0.0151 1.2264 0.3211 0.046 Uiso 1 1 calc R . . 
C3 C 0.7171(8) 0.8578(6) 0.4066(5) 0.0414(15) Uani 1 1 d . . . 
H3A H 0.7542 0.9346 0.4600 0.062 Uiso 1 1 calc R . . 
H3B H 0.7929 0.8419 0.3646 0.062 Uiso 1 1 calc R . . 
H3C H 0.6851 0.7868 0.4370 0.062 Uiso 1 1 calc R . . 
C4 C 0.5012(7) 0.6943(6) 0.2145(5) 0.0411(15) Uani 1 1 d . . . 
H4A H 0.4202 0.6825 0.1637 0.062 Uiso 1 1 calc R . . 
H4B H 0.4794 0.6305 0.2535 0.062 Uiso 1 1 calc R . . 
H4C H 0.5867 0.6860 0.1810 0.062 Uiso 1 1 calc R . . 
C5 C 0.2114(5) 1.0407(5) 0.2581(4) 0.0212(9) Uani 1 1 d . . . 
C6 C 0.1201(6) 0.9700(5) 0.3102(4) 0.0279(11) Uani 1 1 d . . . 
H6 H 0.0815 1.0103 0.3671 0.033 Uiso 1 1 calc R . . 
C7 C 0.0858(6) 0.8396(5) 0.2784(5) 0.0345(13) Uani 1 1 d . . . 
H7 H 0.0245 0.7909 0.3143 0.041 Uiso 1 1 calc R . . 
C8 C 0.1395(7) 0.7810(5) 0.1960(5) 0.0359(13) Uani 1 1 d . . . 
H8 H 0.1135 0.6920 0.1741 0.043 Uiso 1 1 calc R . . 
C9 C 0.2319(6) 0.8510(5) 0.1440(4) 0.0303(12) Uani 1 1 d . . . 
H9 H 0.2696 0.8097 0.0872 0.036 Uiso 1 1 calc R . . 
C10 C 0.2694(5) 0.9825(5) 0.1754(4) 0.0224(10) Uani 1 1 d . . . 
C11 C 0.3655(5) 1.0607(5) 0.1183(4) 0.0218(10) Uani 1 1 d . . . 
H11A H 0.4326 1.0129 0.0866 0.026 Uiso 1 1 calc R . . 
H11B H 0.3069 1.0789 0.0641 0.026 Uiso 1 1 calc R . . 
C12 C 0.2427(5) 1.3223(4) 0.1741(3) 0.0209(9) Uani 1 1 d . . . 
C13 C 0.1243(6) 1.3709(5) 0.1567(4) 0.0274(11) Uani 1 1 d . . . 
H13 H 0.0521 1.3691 0.2009 0.033 Uiso 1 1 calc R . . 
C14 C 0.1143(7) 1.4218(6) 0.0736(4) 0.0338(12) Uani 1 1 d . . . 462 
 
H14 H 0.0340 1.4543 0.0607 0.041 Uiso 1 1 calc R . . 
C15 C 0.2194(7) 1.4257(6) 0.0097(4) 0.0341(13) Uani 1 1 d . . . 
H15 H 0.2109 1.4596 -0.0475 0.041 Uiso 1 1 calc R . . 
C16 C 0.3383(6) 1.3794(5) 0.0295(4) 0.0285(11) Uani 1 1 d . . . 
H16 H 0.4118 1.3841 -0.0137 0.034 Uiso 1 1 calc R . . 
C17 C 0.3508(5) 1.3272(5) 0.1107(4) 0.0218(10) Uani 1 1 d . . . 
C18 C 0.4825(5) 1.2793(5) 0.1322(4) 0.0227(10) Uani 1 1 d . . . 
H18A H 0.5184 1.2464 0.0680 0.027 Uiso 1 1 calc R . . 
H18B H 0.5590 1.3493 0.1735 0.027 Uiso 1 1 calc R . . 
C19 C 0.6728(6) 0.9710(5) 0.2156(4) 0.0272(11) Uani 1 1 d . . . 
C20 C 0.7736(6) 0.9126(5) 0.1709(4) 0.0304(12) Uani 1 1 d . . . 
H20 H 0.7770 0.8320 0.1800 0.037 Uiso 1 1 calc R . . 
C21 C 0.8698(6) 0.9688(6) 0.1132(4) 0.0304(12) Uani 1 1 d . . . 
H21 H 0.9368 0.9261 0.0828 0.037 Uiso 1 1 calc R . . 
C22 C 0.8676(6) 1.0863(6) 0.1002(4) 0.0292(11) Uani 1 1 d . . . 
H22 H 0.9340 1.1257 0.0616 0.035 Uiso 1 1 calc R . . 
C23 C 0.7669(6) 1.1475(5) 0.1441(4) 0.0268(11) Uani 1 1 d . . . 
H23 H 0.7652 1.2285 0.1348 0.032 Uiso 1 1 calc R . . 
C24 C 0.6694(5) 1.0918(5) 0.2011(4) 0.0230(10) Uani 1 1 d . . . 
C25 C 0.5687(5) 1.1640(5) 0.2519(4) 0.0209(9) Uani 1 1 d . . . 
H25A H 0.5281 1.1218 0.3036 0.025 Uiso 1 1 calc R . . 
H25B H 0.6255 1.2488 0.2877 0.025 Uiso 1 1 calc R . . 
I1 I 0.81665(4) 0.51871(3) 0.30354(3) 0.03114(10) Uani 1 1 d . . . 
Cl1 Cl 0.75599(18) 1.18004(14) 0.48181(11) 0.0394(3) Uani 1 1 d . . . 
Cl2 Cl 0.7158(2) 1.40570(16) 0.61441(13) 0.0462(4) Uani 1 1 d . . . 
C26 C 0.8202(7) 1.3445(6) 0.5241(4) 0.0350(13) Uani 1 1 d . . . 
H26A H 0.9211 1.3648 0.5541 0.042 Uiso 1 1 calc R . . 










Sb1 0.01673(16) 0.01998(16) 0.01931(15) 0.00599(11) -0.00097(11) 0.00377(12) 
Sb2 0.0345(2) 0.0293(2) 0.03141(19) 0.01035(15) 0.00626(15) 0.00860(16) 
N1 0.0186(19) 0.0176(19) 0.0215(19) 0.0046(15) -0.0023(15) 0.0020(16) 
C1 0.026(3) 0.029(3) 0.023(2) 0.000(2) -0.0077(19) 0.006(2) 
C2 0.021(3) 0.044(3) 0.033(3) 0.013(2) 0.010(2) 0.013(2) 
C3 0.056(4) 0.040(3) 0.035(3) 0.016(3) 0.000(3) 0.020(3) 
C4 0.041(4) 0.035(3) 0.040(3) 0.001(3) 0.011(3) -0.001(3) 
C5 0.015(2) 0.019(2) 0.028(2) 0.0085(18) -0.0047(18) -0.0008(19) 
C6 0.021(2) 0.031(3) 0.030(3) 0.016(2) -0.005(2) -0.001(2) 
C7 0.025(3) 0.029(3) 0.047(3) 0.022(3) -0.009(2) -0.006(2) 
C8 0.033(3) 0.020(3) 0.050(3) 0.011(2) -0.015(3) -0.001(2) 
C9 0.028(3) 0.022(3) 0.036(3) 0.004(2) -0.009(2) 0.005(2) 
C10 0.015(2) 0.021(2) 0.028(2) 0.0062(19) -0.0081(18) -0.0002(19) 
C11 0.018(2) 0.021(2) 0.023(2) 0.0014(18) -0.0038(17) 0.0020(19) 
C12 0.023(2) 0.019(2) 0.020(2) 0.0051(17) -0.0029(18) 0.004(2) 
C13 0.026(3) 0.025(3) 0.030(3) 0.005(2) -0.003(2) 0.007(2) 
C14 0.036(3) 0.034(3) 0.036(3) 0.015(2) -0.006(2) 0.015(3)    
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C15 0.044(3) 0.032(3) 0.030(3) 0.015(2) -0.004(2) 0.012(3) 
C16 0.035(3) 0.025(3) 0.025(2) 0.009(2) 0.002(2) 0.005(2) 
C17 0.022(2) 0.019(2) 0.022(2) 0.0047(18) -0.0018(18) 0.000(2) 
C18 0.019(2) 0.024(2) 0.025(2) 0.0079(19) 0.0013(18) 0.004(2) 
C19 0.023(3) 0.028(3) 0.029(3) 0.007(2) -0.002(2) 0.005(2) 
C20 0.029(3) 0.028(3) 0.034(3) 0.003(2) -0.004(2) 0.012(2) 
C21 0.022(3) 0.040(3) 0.027(3) 0.000(2) -0.002(2) 0.012(2) 
C22 0.020(2) 0.040(3) 0.023(2) 0.002(2) 0.0010(19) 0.003(2) 
C23 0.021(2) 0.031(3) 0.026(2) 0.006(2) -0.0022(19) 0.003(2) 
C24 0.016(2) 0.026(2) 0.023(2) -0.0003(18) -0.0043(17) 0.004(2) 
C25 0.017(2) 0.022(2) 0.022(2) 0.0046(18) -0.0039(17) 0.0055(19) 
I1 0.02463(18) 0.02170(17) 0.0441(2) 0.00923(14) -0.00450(14) 0.00039(14) 
Cl1 0.0448(8) 0.0340(7) 0.0342(7) 0.0046(6) -0.0032(6) 0.0045(7) 
Cl2 0.0517(10) 0.0400(8) 0.0458(8) 0.0051(7) 0.0104(7) 0.0125(8) 




 All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) 
 are estimated using the full covariance matrix.  The cell s.u.'s are taken 
 into account individually in the estimation of s.u.'s in distances, angles 
 and torsion angles; correlations between s.u.'s in cell parameters are only 
 used when they are defined by crystal symmetry.  An approximate (isotropic) 









Sb1 C5 2.109(5) . ? 
Sb1 C12 2.108(5) . ? 
Sb1 C1 2.116(5) . ? 
Sb1 C2 2.134(5) . ? 
Sb1 N1 2.565(4) . ? 
Sb2 C3 2.154(6) . ? 
Sb2 C4 2.172(6) . ? 
Sb2 C19 2.188(6) . ? 
N1 C18 1.470(6) . ? 
N1 C11 1.469(6) . ? 
N1 C25 1.498(6) . ? 
C1 H1A 0.9800 . ? 
C1 H1B 0.9800 . ? 
C1 H1C 0.9800 . ? 
C2 H2A 0.9800 . ? 
C2 H2B 0.9800 . ? 
C2 H2C 0.9800 . ? 
C3 H3A 0.9800 . ? 
C3 H3B 0.9800 . ? 
C3 H3C 0.9800 . ? 
C4 H4A 0.9800 . ? 
C4 H4B 0.9800 . ? 464 
 
C4 H4C 0.9800 . ? 
C5 C6 1.391(7) . ? 
C5 C10 1.391(7) . ? 
C6 C7 1.390(8) . ? 
C6 H6 0.9500 . ? 
C7 C8 1.366(9) . ? 
C7 H7 0.9500 . ? 
C8 C9 1.391(9) . ? 
C8 H8 0.9500 . ? 
C9 C10 1.402(7) . ? 
C9 H9 0.9500 . ? 
C10 C11 1.507(7) . ? 
C11 H11A 0.9900 . ? 
C11 H11B 0.9900 . ? 
C12 C13 1.400(7) . ? 
C12 C17 1.395(7) . ? 
C13 C14 1.388(8) . ? 
C13 H13 0.9500 . ? 
C14 C15 1.379(9) . ? 
C14 H14 0.9500 . ? 
C15 C16 1.396(8) . ? 
C15 H15 0.9500 . ? 
C16 C17 1.378(7) . ? 
C16 H16 0.9500 . ? 
C17 C18 1.523(7) . ? 
C18 H18A 0.9900 . ? 
C18 H18B 0.9900 . ? 
C19 C20 1.388(8) . ? 
C19 C24 1.423(7) . ? 
C20 C21 1.390(8) . ? 
C20 H20 0.9500 . ? 
C21 C22 1.377(8) . ? 
C21 H21 0.9500 . ? 
C22 C23 1.401(8) . ? 
C22 H22 0.9500 . ? 
C23 C24 1.389(7) . ? 
C23 H23 0.9500 . ? 
C24 C25 1.505(7) . ? 
C25 H25A 0.9900 . ? 
C25 H25B 0.9900 . ? 
Cl1 C26 1.765(6) . ? 
Cl2 C26 1.759(6) . ? 
C26 H26A 0.9900 . ? 










C5 Sb1 C12 115.18(18) . . ?    
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C5 Sb1 C1 117.6(2) . . ? 
C12 Sb1 C1 114.6(2) . . ? 
C5 Sb1 C2 100.4(2) . . ? 
C12 Sb1 C2 103.3(2) . . ? 
C1 Sb1 C2 102.4(2) . . ? 
C5 Sb1 N1 73.43(16) . . ? 
C12 Sb1 N1 73.63(16) . . ? 
C1 Sb1 N1 87.12(18) . . ? 
C2 Sb1 N1 170.41(19) . . ? 
C3 Sb2 C4 94.8(3) . . ? 
C3 Sb2 C19 94.8(2) . . ? 
C4 Sb2 C19 93.7(2) . . ? 
C18 N1 C11 111.4(4) . . ? 
C18 N1 C25 115.6(4) . . ? 
C11 N1 C25 113.4(4) . . ? 
C18 N1 Sb1 105.0(3) . . ? 
C11 N1 Sb1 101.0(3) . . ? 
C25 N1 Sb1 109.0(3) . . ? 
Sb1 C1 H1A 109.5 . . ? 
Sb1 C1 H1B 109.5 . . ? 
H1A C1 H1B 109.5 . . ? 
Sb1 C1 H1C 109.5 . . ? 
H1A C1 H1C 109.5 . . ? 
H1B C1 H1C 109.5 . . ? 
Sb1 C2 H2A 109.5 . . ? 
Sb1 C2 H2B 109.5 . . ? 
H2A C2 H2B 109.5 . . ? 
Sb1 C2 H2C 109.5 . . ? 
H2A C2 H2C 109.5 . . ? 
H2B C2 H2C 109.5 . . ? 
Sb2 C3 H3A 109.5 . . ? 
Sb2 C3 H3B 109.5 . . ? 
H3A C3 H3B 109.5 . . ? 
Sb2 C3 H3C 109.5 . . ? 
H3A C3 H3C 109.5 . . ? 
H3B C3 H3C 109.5 . . ? 
Sb2 C4 H4A 109.5 . . ? 
Sb2 C4 H4B 109.5 . . ? 
H4A C4 H4B 109.5 . . ? 
Sb2 C4 H4C 109.5 . . ? 
H4A C4 H4C 109.5 . . ? 
H4B C4 H4C 109.5 . . ? 
C6 C5 C10 120.8(5) . . ? 
C6 C5 Sb1 121.0(4) . . ? 
C10 C5 Sb1 118.1(4) . . ? 
C7 C6 C5 119.4(5) . . ? 
C7 C6 H6 120.3 . . ? 
C5 C6 H6 120.3 . . ? 
C8 C7 C6 120.6(5) . . ? 
C8 C7 H7 119.7 . . ? 
C6 C7 H7 119.7 . . ? 
C7 C8 C9 120.4(5) . . ? 
C7 C8 H8 119.8 . . ? 
C9 C8 H8 119.8 . . ? 466 
 
C10 C9 C8 120.1(5) . . ? 
C10 C9 H9 120.0 . . ? 
C8 C9 H9 119.9 . . ? 
C9 C10 C5 118.7(5) . . ? 
C9 C10 C11 121.1(5) . . ? 
C5 C10 C11 120.1(4) . . ? 
N1 C11 C10 110.7(4) . . ? 
N1 C11 H11A 109.5 . . ? 
C10 C11 H11A 109.5 . . ? 
N1 C11 H11B 109.5 . . ? 
C10 C11 H11B 109.5 . . ? 
H11A C11 H11B 108.1 . . ? 
C13 C12 C17 120.9(5) . . ? 
C13 C12 Sb1 119.2(4) . . ? 
C17 C12 Sb1 119.9(4) . . ? 
C14 C13 C12 118.8(5) . . ? 
C14 C13 H13 120.6 . . ? 
C12 C13 H13 120.6 . . ? 
C15 C14 C13 120.9(5) . . ? 
C15 C14 H14 119.6 . . ? 
C13 C14 H14 119.6 . . ? 
C14 C15 C16 119.5(5) . . ? 
C14 C15 H15 120.2 . . ? 
C16 C15 H15 120.2 . . ? 
C17 C16 C15 121.0(5) . . ? 
C17 C16 H16 119.5 . . ? 
C15 C16 H16 119.5 . . ? 
C16 C17 C12 118.9(5) . . ? 
C16 C17 C18 120.3(5) . . ? 
C12 C17 C18 120.8(4) . . ? 
N1 C18 C17 110.2(4) . . ? 
N1 C18 H18A 109.6 . . ? 
C17 C18 H18A 109.6 . . ? 
N1 C18 H18B 109.6 . . ? 
C17 C18 H18B 109.6 . . ? 
H18A C18 H18B 108.1 . . ? 
C20 C19 C24 118.1(5) . . ? 
C20 C19 Sb2 118.4(4) . . ? 
C24 C19 Sb2 123.2(4) . . ? 
C19 C20 C21 121.9(5) . . ? 
C19 C20 H20 119.0 . . ? 
C21 C20 H20 119.0 . . ? 
C22 C21 C20 119.9(5) . . ? 
C22 C21 H21 120.1 . . ? 
C20 C21 H21 120.1 . . ? 
C21 C22 C23 119.5(5) . . ? 
C21 C22 H22 120.3 . . ? 
C23 C22 H22 120.3 . . ? 
C24 C23 C22 121.1(5) . . ? 
C24 C23 H23 119.4 . . ? 
C22 C23 H23 119.4 . . ? 
C23 C24 C19 119.4(5) . . ? 
C23 C24 C25 119.3(5) . . ? 
C19 C24 C25 121.2(5) . . ?    
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N1 C25 C24 117.3(4) . . ? 
N1 C25 H25A 108.0 . . ? 
C24 C25 H25A 108.0 . . ? 
N1 C25 H25B 108.0 . . ? 
C24 C25 H25B 108.0 . . ? 
H25A C25 H25B 107.2 . . ? 
Cl2 C26 Cl1 110.3(3) . . ? 
Cl2 C26 H26A 109.6 . . ? 
Cl1 C26 H26A 109.6 . . ? 
Cl2 C26 H26B 109.6 . . ? 
Cl1 C26 H26B 109.6 . . ? 
H26A C26 H26B 108.1 . . ? 
  
_diffrn_measured_fraction_theta_max    0.983 
_diffrn_reflns_theta_full              27.48 
_diffrn_measured_fraction_theta_full   0.983 
_refine_diff_density_max    1.584 
_refine_diff_density_min   -2.403 








_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '2012-09-06' 
_audit_author_name              'Benjamin, Sophie L.' 






 trifluoromethanesulfonate chloroform solvate toluene solvate  
; 
 
# C27H36NSb3 = N(CH2C6H4(SbMe2))3 
# N,N-bis[2-(dimethylstibino)benzyl]-1-[2-(dimethylstibino)phenyl]methanamine  
# (ACD iLab defaults) 
# N,N-bis[2-(dimethylstibanyl)benzyl]-1-[2-(dimethylstibanyl)phenyl]methanamine  
# (ACD iLab selected options) 
# N,N,N-tris[2-(dimethylstibanyl)benzyl]azane  
# (mw ?  Latest 'Red' book gives azane for derivatives of ammonia) 
 
# [F3CSO3]- triflate anion 
# trifluoromethanesulphonate (from CSD search - very few hits(2?)) 
# trifluoromethanesulfonate  (from CSD search - many hits with 'f' spelling)   
# trifluoromethanesulfonate  (iLab defaults & selected options) 
# (sodium) trifluoromethanesulfonate  (chemspider) 
 
_chemical_name_common             ?  
_chemical_melting_point           ?  468 
 
_chemical_formula_moiety     
                   'C30 H36 Mn N O3 Sb3 1+, C F3 O3 S 1-, C H Cl3, C7 H8' 
_chemical_formula_sum         
                   'C39 H45 Cl3 F3 Mn N O6 S Sb3'  
_chemical_formula_weight          1239.36  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'S'  'S'   0.1246   0.1234  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Mn'  'Mn'   0.3368   0.7283  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cl'  'Cl'   0.1484   0.1585  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            monoclinic  
_symmetry_space_group_name_H-M    'P 21/c' 
_space_group_IT_number             14          




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    16.758(4)  
_cell_length_b                    14.392(3)  
_cell_length_c                    19.233(7)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  93.825(7)  
_cell_angle_gamma                 90.00  
_cell_volume                      4628(2)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     100(2)  
_cell_measurement_reflns_used     14983     
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_cell_measurement_theta_min       3.1 
_cell_measurement_theta_max       27.5 
  
_exptl_crystal_description        chip  
_exptl_crystal_colour             orange  
_exptl_crystal_size_max           0.05  
_exptl_crystal_size_mid           0.04  
_exptl_crystal_size_min           0.01  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.779  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              2424  
_exptl_absorpt_coefficient_mu     2.272  
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.655 # Expt'l Tmin & Tmax  
_exptl_absorpt_correction_T_max   1.000 # scaled to Tmax=1.0  
_exptl_absorpt_process_details     
;Jacobson, R.A. (1998). REQAB. Private communication to the  





 ?  
;  
  
_diffrn_ambient_temperature       100(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_monochromator   ?  
_diffrn_radiation_collimation    'Confocal mirrors, VHF VariMax' 
 
_diffrn_source                    'Rotating anode X-ray tube' 
_diffrn_source_type               'Rigaku FR-E+ Superbright' 
 
_diffrn_measurement_device        'Four-circle \k diffractometer'  
_diffrn_measurement_device_type   'Rigaku AFC12' 
_diffrn_measurement_method        'Profile data from \w-scans'  
   
_diffrn_detector                  'CCD plate' 
_diffrn_detector_type             'Rigaku HG Saturn724+ (2x2 bin mode)' 
_diffrn_detector_area_resol_mean  ?   
 
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             21676  
_diffrn_reflns_av_R_equivalents   0.0523  
_diffrn_reflns_av_sigmaI/netI     0.0814  
_diffrn_reflns_limit_h_min        -9  
_diffrn_reflns_limit_h_max        21  
_diffrn_reflns_limit_k_min        -18  
_diffrn_reflns_limit_k_max        18  470 
 
_diffrn_reflns_limit_l_min        -24  
_diffrn_reflns_limit_l_max        24  
_diffrn_reflns_theta_min          3.02  
_diffrn_reflns_theta_max          27.48  
_reflns_number_total              10508  
_reflns_number_gt                 6871  
_reflns_threshold_expression      I>2\s(I)  
 
_computing_data_collection 
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_cell_refinement  
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_data_reduction    
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_structure_solution   
   'SHELXS-97 (Sheldrick, 1997)'  
_computing_structure_refinement   
   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0108P)^2^+94.2800P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          10508  
_refine_ls_number_parameters      468  
_refine_ls_number_restraints      1  
_refine_ls_R_factor_all           0.1118  
_refine_ls_R_factor_gt            0.0688  
_refine_ls_wR_factor_ref          0.1614  
_refine_ls_wR_factor_gt           0.1436  
_refine_ls_goodness_of_fit_ref    1.037  
_refine_ls_restrained_S_all       1.037  
_refine_ls_shift/su_max           0.001  





 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Sb1 Sb 0.79607(4) 0.62478(4) 0.04773(3) 0.02154(15) Uani 1 1 d . . .  
Sb2 Sb 0.69646(4) 0.74824(5) -0.11095(3) 0.02522(15) Uani 1 1 d . . .  
Sb3 Sb 0.79714(4) 0.88883(4) 0.03917(3) 0.02176(15) Uani 1 1 d . . .  
Mn1 Mn 0.69264(8) 0.75727(10) 0.02309(7) 0.0224(3) Uani 1 1 d . . .  
O1 O 0.5726(4) 0.9046(5) -0.0068(4) 0.0370(18) Uani 1 1 d . . .  
O2 O 0.6735(5) 0.7730(6) 0.1740(4) 0.050(2) Uani 1 1 d . . .  
O3 O 0.5757(5) 0.6038(6) 0.0114(6) 0.067(3) Uani 1 1 d . . .  
N1 N 0.9094(4) 0.7458(5) -0.0706(4) 0.0199(15) Uani 1 1 d . . .  
C1 C 0.8010(7) 0.5065(7) -0.0186(6) 0.034(2) Uani 1 1 d . . .  
H1A H 0.8160 0.5262 -0.0647 0.051 Uiso 1 1 calc R . .  
H1B H 0.7484 0.4765 -0.0230 0.051 Uiso 1 1 calc R . .  
H1C H 0.8407 0.4625 0.0014 0.051 Uiso 1 1 calc R . .  
C2 C 0.7629(7) 0.5504(7) 0.1364(6) 0.036(3) Uani 1 1 d . . .  
H2A H 0.7065 0.5323 0.1299 0.054 Uiso 1 1 calc R . .  
H2B H 0.7707 0.5899 0.1778 0.054 Uiso 1 1 calc R . .  
H2C H 0.7962 0.4946 0.1425 0.054 Uiso 1 1 calc R . .  
C3 C 0.7055(7) 0.8696(7) -0.1723(5) 0.038(3) Uani 1 1 d . . .  
H3A H 0.6761 0.9204 -0.1516 0.056 Uiso 1 1 calc R . .  
H3B H 0.6826 0.8576 -0.2196 0.056 Uiso 1 1 calc R . .  
H3C H 0.7619 0.8870 -0.1739 0.056 Uiso 1 1 calc R . .  
C4 C 0.5781(7) 0.7123(9) -0.1512(7) 0.052(3) Uani 1 1 d . . .  
H4A H 0.5611 0.6551 -0.1287 0.078 Uiso 1 1 calc R . .  
H4B H 0.5780 0.7025 -0.2016 0.078 Uiso 1 1 calc R . .  
H4C H 0.5412 0.7628 -0.1416 0.078 Uiso 1 1 calc R . .  
C5 C 0.7402(7) 1.0039(7) 0.0826(6) 0.035(2) Uani 1 1 d . . .  
H5A H 0.7141 0.9841 0.1242 0.052 Uiso 1 1 calc R . .  
H5B H 0.7001 1.0292 0.0484 0.052 Uiso 1 1 calc R . .  
H5C H 0.7801 1.0518 0.0954 0.052 Uiso 1 1 calc R . .  
C6 C 0.8931(7) 0.8821(8) 0.1162(6) 0.040(3) Uani 1 1 d . . .  
H6A H 0.9287 0.8307 0.1056 0.060 Uiso 1 1 calc R . .  
H6B H 0.8720 0.8717 0.1619 0.060 Uiso 1 1 calc R . .  
H6C H 0.9230 0.9406 0.1168 0.060 Uiso 1 1 calc R . .  
C7 C 0.9180(5) 0.6508(6) 0.0810(5) 0.0226(19) Uani 1 1 d . . .  
C8 C 0.9372(6) 0.6534(7) 0.1524(5) 0.032(2) Uani 1 1 d . . .  
H8 H 0.8969 0.6410 0.1835 0.038 Uiso 1 1 calc R . .  
C9 C 1.0135(7) 0.6738(8) 0.1788(6) 0.036(2) Uani 1 1 d . . .  
H9 H 1.0258 0.6759 0.2277 0.044 Uiso 1 1 calc R . .  
C10 C 1.0733(7) 0.6915(8) 0.1319(6) 0.037(2) Uani 1 1 d . . .  
H10 H 1.1264 0.7063 0.1487 0.044 Uiso 1 1 calc R . .  472 
 
C11 C 1.0532(6) 0.6870(7) 0.0624(6) 0.032(2) Uani 1 1 d . . .  
H11 H 1.0939 0.6970 0.0311 0.038 Uiso 1 1 calc R . .  
C12 C 0.9763(5) 0.6685(6) 0.0348(5) 0.0223(19) Uani 1 1 d . . .  
C13 C 0.9594(5) 0.6661(6) -0.0437(5) 0.0231(19) Uani 1 1 d . . .  
H13A H 1.0108 0.6667 -0.0662 0.028 Uiso 1 1 calc R . .  
H13B H 0.9316 0.6073 -0.0567 0.028 Uiso 1 1 calc R . .  
C14 C 0.7629(6) 0.6442(7) -0.1620(5) 0.028(2) Uani 1 1 d . . .  
C15 C 0.7206(7) 0.5665(7) -0.1856(6) 0.036(2) Uani 1 1 d . . .  
H15 H 0.6650 0.5617 -0.1792 0.043 Uiso 1 1 calc R . .  
C16 C 0.7596(8) 0.4957(7) -0.2186(5) 0.038(3) Uani 1 1 d . . .  
H16 H 0.7300 0.4437 -0.2366 0.046 Uiso 1 1 calc R . .  
C17 C 0.8388(7) 0.5001(7) -0.2251(5) 0.034(3) Uani 1 1 d . . .  
H17 H 0.8651 0.4501 -0.2463 0.041 Uiso 1 1 calc R . .  
C18 C 0.8825(7) 0.5768(7) -0.2011(5) 0.035(2) Uani 1 1 d . . .  
H18 H 0.9384 0.5789 -0.2066 0.042 Uiso 1 1 calc R . .  
C19 C 0.8459(6) 0.6507(6) -0.1692(4) 0.023(2) Uani 1 1 d . . .  
C20 C 0.8951(5) 0.7342(7) -0.1470(5) 0.025(2) Uani 1 1 d . . .  
H20A H 0.9475 0.7297 -0.1677 0.030 Uiso 1 1 calc R . .  
H20B H 0.8679 0.7905 -0.1662 0.030 Uiso 1 1 calc R . .  
C21 C 0.8459(6) 0.9560(6) -0.0473(5) 0.026(2) Uani 1 1 d . . .  
C22 C 0.8079(7) 1.0370(7) -0.0713(6) 0.033(2) Uani 1 1 d . . .  
H22 H 0.7660 1.0630 -0.0466 0.040 Uiso 1 1 calc R . .  
C23 C 0.8320(8) 1.0808(8) -0.1327(6) 0.045(3) Uani 1 1 d . . .  
H23 H 0.8048 1.1346 -0.1505 0.054 Uiso 1 1 calc R . .  
C24 C 0.8953(8) 1.0443(8) -0.1661(7) 0.045(3) Uani 1 1 d . . .  
H24 H 0.9123 1.0741 -0.2067 0.054 Uiso 1 1 calc R . .  
C25 C 0.9344(7) 0.9651(7) -0.1416(6) 0.041(3) Uani 1 1 d . . .  
H25 H 0.9779 0.9414 -0.1655 0.049 Uiso 1 1 calc R . .  
C26 C 0.9108(6) 0.9191(6) -0.0819(5) 0.026(2) Uani 1 1 d . . .  
C27 C 0.9546(6) 0.8343(7) -0.0572(5) 0.029(2) Uani 1 1 d . . .  
H27A H 0.9679 0.8401 -0.0064 0.035 Uiso 1 1 calc R . .  
H27B H 1.0055 0.8307 -0.0803 0.035 Uiso 1 1 calc R . .  
C28 C 0.6193(6) 0.8468(7) 0.0046(5) 0.031(2) Uani 1 1 d . . .  
C29 C 0.6839(6) 0.7662(7) 0.1155(6) 0.036(2) Uani 1 1 d . . .  
C30 C 0.6205(7) 0.6645(8) 0.0158(6) 0.038(3) Uani 1 1 d . . .  
S1 S 0.15318(13) 0.73584(18) 0.85086(12) 0.0265(5) Uani 1 1 d . . .  
F1 F 0.3015(4) 0.7897(5) 0.8405(3) 0.0483(18) Uani 1 1 d . . .  
F2 F 0.2384(3) 0.7608(4) 0.7418(3) 0.0345(13) Uani 1 1 d . . .  
F3 F 0.2787(5) 0.6495(5) 0.8084(5) 0.063(2) Uani 1 1 d . . .  
O4 O 0.1051(5) 0.6675(6) 0.8138(4) 0.043(2) Uani 1 1 d . . .  
O5 O 0.1773(4) 0.7128(6) 0.9219(4) 0.043(2) Uani 1 1 d . . .  
O6 O 0.1261(4) 0.8302(5) 0.8405(4) 0.0346(17) Uani 1 1 d . . .  
C31 C 0.2470(5) 0.7332(7) 0.8089(5) 0.028(2) Uani 1 1 d . . .  
Cl1 Cl 0.38535(18) 0.6185(2) -0.01822(18) 0.0539(8) Uani 1 1 d . . .  
Cl2 Cl 0.4040(2) 0.8142(2) 0.0044(2) 0.0611(9) Uani 1 1 d . . .  
Cl3 Cl 0.30407(19) 0.7075(2) 0.09154(15) 0.0474(7) Uani 1 1 d . . .  
C32 C 0.3383(6) 0.7202(8) 0.0058(6) 0.036(2) Uani 1 1 d . . .  
H32 H 0.2913 0.7323 -0.0278 0.043 Uiso 1 1 calc R . .  
C60 C 0.4629(8) 0.5503(8) 0.7240(8) 0.131(9) Uiso 1 1 d GD . .  
C61 C 0.4613(8) 0.5107(10) 0.7898(7) 0.093(6) Uiso 1 1 d G . .  
H61 H 0.4312 0.5389 0.8241 0.111 Uiso 1 1 calc R . .  
C62 C 0.5040(9) 0.4296(10) 0.8053(6) 0.127(8) Uiso 1 1 d G . .  
H62 H 0.5029 0.4025 0.8503 0.153 Uiso 1 1 calc R . .  
C63 C 0.5482(8) 0.3882(8) 0.7551(8) 0.098(6) Uiso 1 1 d G . .     
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H63 H 0.5773 0.3328 0.7657 0.118 Uiso 1 1 calc R . .  
C64 C 0.5497(8) 0.4279(10) 0.6893(7) 0.096(6) Uiso 1 1 d G . .  
H64 H 0.5799 0.3996 0.6549 0.116 Uiso 1 1 calc R . .  
C65 C 0.5071(9) 0.5090(10) 0.6738(6) 0.116(7) Uiso 1 1 d G . .  
H65 H 0.5081 0.5361 0.6288 0.140 Uiso 1 1 calc R . .  
C66 C 0.433(3) 0.633(2) 0.684(2) 0.30(2) Uiso 1 1 d D . .  
H66A H 0.4193 0.6157 0.6354 0.452 Uiso 1 1 calc R . .  
H66B H 0.4749 0.6812 0.6854 0.452 Uiso 1 1 calc R . .  
H66C H 0.3856 0.6581 0.7045 0.452 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Sb1 0.0222(3) 0.0199(3) 0.0229(3) 0.0025(3) 0.0048(2) -0.0006(2)  
Sb2 0.0249(3) 0.0277(3) 0.0225(3) -0.0055(3) -0.0026(2) 0.0028(3)  
Sb3 0.0278(3) 0.0185(3) 0.0189(3) -0.0017(2) 0.0009(2) -0.0002(2)  
Mn1 0.0231(6) 0.0206(7) 0.0239(7) 0.0002(6) 0.0048(5) 0.0009(6)  
O1 0.030(4) 0.034(4) 0.048(5) 0.007(4) 0.006(3) 0.008(3)  
O2 0.074(6) 0.050(5) 0.028(4) 0.009(4) 0.030(4) 0.011(4)  
O3 0.021(4) 0.031(4) 0.149(10) 0.015(5) 0.006(5) -0.007(3)  
N1 0.023(3) 0.020(4) 0.017(3) 0.007(3) 0.001(3) 0.002(3)  
C1 0.040(6) 0.022(5) 0.041(6) -0.008(5) 0.006(5) -0.001(4)  
C2 0.041(6) 0.032(6) 0.035(6) 0.020(5) 0.013(5) 0.010(5)  
C3 0.053(7) 0.041(6) 0.018(5) -0.004(5) -0.004(5) 0.017(5)  
C4 0.026(6) 0.063(8) 0.066(9) -0.014(7) -0.001(6) 0.003(5)  
C5 0.042(6) 0.026(5) 0.037(6) -0.009(5) -0.001(5) 0.008(4)  
C6 0.039(6) 0.048(7) 0.032(6) -0.006(5) -0.009(5) 0.002(5)  
C7 0.024(5) 0.020(4) 0.024(5) 0.007(4) -0.005(4) 0.006(4)  
C8 0.041(6) 0.036(6) 0.018(5) 0.005(4) 0.009(4) 0.003(5)  
C9 0.046(7) 0.038(6) 0.023(5) 0.002(5) -0.007(5) 0.012(5)  
C10 0.032(6) 0.040(6) 0.036(6) 0.003(5) -0.015(5) 0.005(5)  
C11 0.024(5) 0.034(6) 0.038(6) 0.001(5) 0.001(4) 0.006(4)  
C12 0.020(4) 0.027(5) 0.020(4) 0.002(4) 0.005(4) 0.002(4)  
C13 0.022(5) 0.023(5) 0.025(5) 0.005(4) 0.005(4) 0.003(4)  
C14 0.038(6) 0.023(5) 0.023(5) -0.007(4) -0.002(4) 0.002(4)  
C15 0.046(6) 0.028(5) 0.033(6) -0.005(5) -0.004(5) 0.003(5)  
C16 0.068(8) 0.028(5) 0.017(5) -0.005(4) -0.003(5) 0.009(5)  
C17 0.063(8) 0.028(5) 0.013(4) -0.005(4) 0.005(5) 0.012(5)  
C18 0.044(6) 0.038(6) 0.022(5) 0.008(5) 0.002(4) 0.015(5)  
C19 0.035(5) 0.022(5) 0.013(4) 0.004(4) 0.006(4) 0.014(4)  
C20 0.028(5) 0.028(5) 0.020(4) 0.007(4) 0.005(4) 0.009(4)  
C21 0.037(6) 0.015(4) 0.027(5) 0.004(4) 0.007(4) -0.002(4)  
C22 0.038(6) 0.022(5) 0.040(6) 0.008(5) 0.004(5) -0.001(4)  
C23 0.059(8) 0.026(6) 0.051(7) 0.009(5) 0.012(6) 0.000(5)  
C24 0.057(8) 0.033(6) 0.047(7) 0.010(5) 0.015(6) -0.011(5)  
C25 0.046(7) 0.030(6) 0.048(7) 0.001(5) 0.017(6) -0.005(5)  
C26 0.027(5) 0.021(5) 0.030(5) 0.003(4) 0.003(4) -0.010(4)  
C27 0.030(5) 0.027(5) 0.029(5) -0.001(4) 0.006(4) -0.005(4)  
C28 0.027(5) 0.032(6) 0.034(6) -0.002(5) 0.012(4) -0.007(4)  474 
 
C29 0.041(6) 0.022(5) 0.045(7) 0.005(5) 0.004(5) 0.005(4)  
C30 0.031(6) 0.035(6) 0.049(7) 0.003(5) 0.012(5) 0.008(5)  
S1 0.0238(11) 0.0347(13) 0.0209(11) 0.0053(10) 0.0015(9) -0.0012(10)  
F1 0.036(4) 0.079(5) 0.030(3) -0.001(3) 0.004(3) -0.019(3)  
F2 0.040(3) 0.041(3) 0.023(3) -0.003(3) 0.006(2) -0.004(3)  
F3 0.057(5) 0.039(4) 0.097(6) 0.026(4) 0.036(4) 0.019(3)  
O4 0.040(4) 0.048(5) 0.042(5) -0.018(4) 0.006(4) -0.018(4)  
O5 0.024(4) 0.075(6) 0.029(4) 0.025(4) 0.006(3) 0.000(4)  
O6 0.037(4) 0.033(4) 0.035(4) 0.000(3) 0.009(3) 0.007(3)  
C31 0.024(4) 0.027(5) 0.031(5) 0.005(4) -0.001(4) -0.002(4)  
Cl1 0.0361(15) 0.065(2) 0.062(2) -0.0160(17) 0.0132(14) 0.0022(14)  
Cl2 0.0492(19) 0.059(2) 0.073(2) 0.0228(18) -0.0089(17) -0.0192(16)  
Cl3 0.0499(17) 0.0592(19) 0.0338(15) -0.0079(14) 0.0090(13) -0.0058(14)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Sb1 C2 2.119(9) . ?  
Sb1 C1 2.132(9) . ?  
Sb1 C7 2.134(9) . ?  
Sb1 Mn1 2.5991(16) . ?  
Sb2 C3 2.118(11) . ?  
Sb2 C4 2.143(11) . ?  
Sb2 C14 2.143(9) . ?  
Sb2 Mn1 2.5862(17) . ?  
Sb3 C5 2.111(9) . ?  
Sb3 C6 2.114(10) . ?  
Sb3 C21 2.133(9) . ?  
Sb3 Mn1 2.5835(16) . ?  
Mn1 C29 1.798(12) . ?  
Mn1 C28 1.800(11) . ?  
Mn1 C30 1.800(12) . ?  
O1 C28 1.153(12) . ?  
O2 C29 1.154(13) . ?  
O3 C30 1.151(13) . ?  
N1 C20 1.482(11) . ?  
N1 C13 1.494(11) . ?  
N1 C27 1.495(12) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?     
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C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
C3 H3A 0.9800 . ?  
C3 H3B 0.9800 . ?  
C3 H3C 0.9800 . ?  
C4 H4A 0.9800 . ?  
C4 H4B 0.9800 . ?  
C4 H4C 0.9800 . ?  
C5 H5A 0.9800 . ?  
C5 H5B 0.9800 . ?  
C5 H5C 0.9800 . ?  
C6 H6A 0.9800 . ?  
C6 H6B 0.9800 . ?  
C6 H6C 0.9800 . ?  
C7 C12 1.386(12) . ?  
C7 C8 1.390(13) . ?  
C8 C9 1.375(15) . ?  
C8 H8 0.9500 . ?  
C9 C10 1.416(16) . ?  
C9 H9 0.9500 . ?  
C10 C11 1.358(15) . ?  
C10 H10 0.9500 . ?  
C11 C12 1.386(13) . ?  
C11 H11 0.9500 . ?  
C12 C13 1.518(12) . ?  
C13 H13A 0.9900 . ?  
C13 H13B 0.9900 . ?  
C14 C15 1.384(14) . ?  
C14 C19 1.409(14) . ?  
C15 C16 1.386(14) . ?  
C15 H15 0.9500 . ?  
C16 C17 1.343(16) . ?  
C16 H16 0.9500 . ?  
C17 C18 1.387(15) . ?  
C17 H17 0.9500 . ?  
C18 C19 1.391(13) . ?  
C18 H18 0.9500 . ?  
C19 C20 1.503(13) . ?  
C20 H20A 0.9900 . ?  
C20 H20B 0.9900 . ?  
C21 C22 1.393(13) . ?  
C21 C26 1.416(13) . ?  
C22 C23 1.420(15) . ?  
C22 H22 0.9500 . ?  
C23 C24 1.382(16) . ?  
C23 H23 0.9500 . ?  
C24 C25 1.382(16) . ?  
C24 H24 0.9500 . ?  
C25 C26 1.404(14) . ?  
C25 H25 0.9500 . ?  
C26 C27 1.486(14) . ?  
C27 H27A 0.9900 . ?  476 
 
C27 H27B 0.9900 . ?  
S1 O4 1.432(8) . ?  
S1 O5 1.438(7) . ?  
S1 O6 1.442(7) . ?  
S1 C31 1.816(10) . ?  
F1 C31 1.338(11) . ?  
F2 C31 1.348(11) . ?  
F3 C31 1.315(11) . ?  
Cl1 C32 1.740(11) . ?  
Cl2 C32 1.745(11) . ?  
Cl3 C32 1.792(11) . ?  
C32 H32 1.0000 . ?  
C60 C61 1.3900 . ?  
C60 C65 1.3900 . ?  
C60 C66 1.491(19) . ?  
C61 C62 1.3900 . ?  
C61 H61 0.9500 . ?  
C62 C63 1.3900 . ?  
C62 H62 0.9500 . ?  
C63 C64 1.3900 . ?  
C63 H63 0.9500 . ?  
C64 C65 1.3900 . ?  
C64 H64 0.9500 . ?  
C65 H65 0.9500 . ?  
C66 H66A 0.9800 . ?  
C66 H66B 0.9800 . ?  
C66 H66C 0.9800 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C2 Sb1 C1 95.8(4) . . ?  
C2 Sb1 C7 98.3(4) . . ?  
C1 Sb1 C7 104.2(4) . . ?  
C2 Sb1 Mn1 108.1(3) . . ?  
C1 Sb1 Mn1 121.9(3) . . ?  
C7 Sb1 Mn1 122.7(2) . . ?  
C3 Sb2 C4 95.6(5) . . ?  
C3 Sb2 C14 105.2(4) . . ?  
C4 Sb2 C14 99.4(4) . . ?  
C3 Sb2 Mn1 121.4(3) . . ?  
C4 Sb2 Mn1 106.7(4) . . ?  
C14 Sb2 Mn1 122.7(3) . . ?  
C5 Sb3 C6 95.8(4) . . ?  
C5 Sb3 C21 99.2(4) . . ?  
C6 Sb3 C21 104.7(4) . . ?  
C5 Sb3 Mn1 107.6(3) . . ?  
C6 Sb3 Mn1 121.9(3) . . ?  
C21 Sb3 Mn1 122.0(3) . . ?     
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C29 Mn1 C28 92.6(5) . . ?  
C29 Mn1 C30 91.8(5) . . ?  
C28 Mn1 C30 94.0(4) . . ?  
C29 Mn1 Sb3 85.9(3) . . ?  
C28 Mn1 Sb3 87.0(3) . . ?  
C30 Mn1 Sb3 177.6(4) . . ?  
C29 Mn1 Sb2 176.5(3) . . ?  
C28 Mn1 Sb2 84.3(3) . . ?  
C30 Mn1 Sb2 86.9(4) . . ?  
Sb3 Mn1 Sb2 95.42(5) . . ?  
C29 Mn1 Sb1 88.2(3) . . ?  
C28 Mn1 Sb1 178.4(3) . . ?  
C30 Mn1 Sb1 84.6(3) . . ?  
Sb3 Mn1 Sb1 94.44(5) . . ?  
Sb2 Mn1 Sb1 94.84(5) . . ?  
C20 N1 C13 107.8(7) . . ?  
C20 N1 C27 108.3(7) . . ?  
C13 N1 C27 109.2(7) . . ?  
Sb1 C1 H1A 109.5 . . ?  
Sb1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Sb1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
Sb1 C2 H2A 109.5 . . ?  
Sb1 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
Sb1 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  
Sb2 C3 H3A 109.5 . . ?  
Sb2 C3 H3B 109.5 . . ?  
H3A C3 H3B 109.5 . . ?  
Sb2 C3 H3C 109.5 . . ?  
H3A C3 H3C 109.5 . . ?  
H3B C3 H3C 109.5 . . ?  
Sb2 C4 H4A 109.5 . . ?  
Sb2 C4 H4B 109.5 . . ?  
H4A C4 H4B 109.5 . . ?  
Sb2 C4 H4C 109.5 . . ?  
H4A C4 H4C 109.5 . . ?  
H4B C4 H4C 109.5 . . ?  
Sb3 C5 H5A 109.5 . . ?  
Sb3 C5 H5B 109.5 . . ?  
H5A C5 H5B 109.5 . . ?  
Sb3 C5 H5C 109.5 . . ?  
H5A C5 H5C 109.5 . . ?  
H5B C5 H5C 109.5 . . ?  
Sb3 C6 H6A 109.5 . . ?  
Sb3 C6 H6B 109.5 . . ?  
H6A C6 H6B 109.5 . . ?  
Sb3 C6 H6C 109.5 . . ?  
H6A C6 H6C 109.5 . . ?  
H6B C6 H6C 109.5 . . ?  478 
 
C12 C7 C8 120.1(9) . . ?  
C12 C7 Sb1 122.8(7) . . ?  
C8 C7 Sb1 117.0(7) . . ?  
C9 C8 C7 121.3(9) . . ?  
C9 C8 H8 119.4 . . ?  
C7 C8 H8 119.4 . . ?  
C8 C9 C10 118.9(10) . . ?  
C8 C9 H9 120.5 . . ?  
C10 C9 H9 120.5 . . ?  
C11 C10 C9 118.6(10) . . ?  
C11 C10 H10 120.7 . . ?  
C9 C10 H10 120.7 . . ?  
C10 C11 C12 123.3(10) . . ?  
C10 C11 H11 118.4 . . ?  
C12 C11 H11 118.4 . . ?  
C7 C12 C11 117.9(9) . . ?  
C7 C12 C13 122.7(8) . . ?  
C11 C12 C13 119.4(8) . . ?  
N1 C13 C12 113.0(7) . . ?  
N1 C13 H13A 109.0 . . ?  
C12 C13 H13A 109.0 . . ?  
N1 C13 H13B 109.0 . . ?  
C12 C13 H13B 109.0 . . ?  
H13A C13 H13B 107.8 . . ?  
C15 C14 C19 120.6(9) . . ?  
C15 C14 Sb2 116.3(8) . . ?  
C19 C14 Sb2 123.0(7) . . ?  
C14 C15 C16 119.8(11) . . ?  
C14 C15 H15 120.1 . . ?  
C16 C15 H15 120.1 . . ?  
C17 C16 C15 120.5(11) . . ?  
C17 C16 H16 119.8 . . ?  
C15 C16 H16 119.8 . . ?  
C16 C17 C18 120.7(9) . . ?  
C16 C17 H17 119.7 . . ?  
C18 C17 H17 119.7 . . ?  
C17 C18 C19 121.0(10) . . ?  
C17 C18 H18 119.5 . . ?  
C19 C18 H18 119.5 . . ?  
C18 C19 C14 117.4(9) . . ?  
C18 C19 C20 119.1(9) . . ?  
C14 C19 C20 123.4(8) . . ?  
N1 C20 C19 115.0(7) . . ?  
N1 C20 H20A 108.5 . . ?  
C19 C20 H20A 108.5 . . ?  
N1 C20 H20B 108.5 . . ?  
C19 C20 H20B 108.5 . . ?  
H20A C20 H20B 107.5 . . ?  
C22 C21 C26 120.5(9) . . ?  
C22 C21 Sb3 116.5(7) . . ?  
C26 C21 Sb3 122.9(7) . . ?  
C21 C22 C23 119.8(10) . . ?  
C21 C22 H22 120.1 . . ?  
C23 C22 H22 120.1 . . ?     
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C24 C23 C22 119.2(11) . . ?  
C24 C23 H23 120.4 . . ?  
C22 C23 H23 120.4 . . ?  
C25 C24 C23 121.1(11) . . ?  
C25 C24 H24 119.5 . . ?  
C23 C24 H24 119.5 . . ?  
C24 C25 C26 121.0(10) . . ?  
C24 C25 H25 119.5 . . ?  
C26 C25 H25 119.5 . . ?  
C25 C26 C21 118.3(9) . . ?  
C25 C26 C27 119.3(9) . . ?  
C21 C26 C27 122.4(8) . . ?  
C26 C27 N1 114.2(8) . . ?  
C26 C27 H27A 108.7 . . ?  
N1 C27 H27A 108.7 . . ?  
C26 C27 H27B 108.7 . . ?  
N1 C27 H27B 108.7 . . ?  
H27A C27 H27B 107.6 . . ?  
O1 C28 Mn1 179.4(11) . . ?  
O2 C29 Mn1 175.8(10) . . ?  
O3 C30 Mn1 178.4(10) . . ?  
O4 S1 O5 115.3(5) . . ?  
O4 S1 O6 114.6(5) . . ?  
O5 S1 O6 114.5(5) . . ?  
O4 S1 C31 103.9(5) . . ?  
O5 S1 C31 102.7(4) . . ?  
O6 S1 C31 103.5(4) . . ?  
F3 C31 F1 107.2(8) . . ?  
F3 C31 F2 106.3(8) . . ?  
F1 C31 F2 106.4(7) . . ?  
F3 C31 S1 112.6(7) . . ?  
F1 C31 S1 111.7(7) . . ?  
F2 C31 S1 112.2(6) . . ?  
Cl1 C32 Cl2 110.5(6) . . ?  
Cl1 C32 Cl3 109.7(6) . . ?  
Cl2 C32 Cl3 109.5(6) . . ?  
Cl1 C32 H32 109.0 . . ?  
Cl2 C32 H32 109.0 . . ?  
Cl3 C32 H32 109.0 . . ?  
C61 C60 C65 120.0 . . ?  
C61 C60 C66 141(2) . . ?  
C65 C60 C66 99(2) . . ?  
C62 C61 C60 120.0 . . ?  
C62 C61 H61 120.0 . . ?  
C60 C61 H61 120.0 . . ?  
C63 C62 C61 120.0 . . ?  
C63 C62 H62 120.0 . . ?  
C61 C62 H62 120.0 . . ?  
C62 C63 C64 120.0 . . ?  
C62 C63 H63 120.0 . . ?  
C64 C63 H63 120.0 . . ?  
C65 C64 C63 120.0 . . ?  
C65 C64 H64 120.0 . . ?  
C63 C64 H64 120.0 . . ?  480 
 
C64 C65 C60 120.0 . . ?  
C64 C65 H65 120.0 . . ?  
C60 C65 H65 120.0 . . ?  
C60 C66 H66A 109.5 . . ?  
C60 C66 H66B 109.5 . . ?  
H66A C66 H66B 109.5 . . ?  
C60 C66 H66C 109.5 . . ?  
H66A C66 H66C 109.5 . . ?  
H66B C66 H66C 109.5 . . ?  
  
_diffrn_measured_fraction_theta_max    0.990  
_diffrn_reflns_theta_full              27.48  
_diffrn_measured_fraction_theta_full   0.990  
_refine_diff_density_max    1.838  
_refine_diff_density_min   -1.176  








_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '2012-05-20' 










# C27H36NSb3 = N(CH2C6H4(SbMe2))3 
# N,N-bis[2-(dimethylstibino)benzyl]-1-[2-(dimethylstibino)phenyl]methanamine  
# (ACD iLab defaults) 
# N,N-bis[2-(dimethylstibanyl)benzyl]-1-[2-(dimethylstibanyl)phenyl]methanamine  
# (ACD iLab selected options) 
# N,N,N-tris[2-(dimethylstibanyl)benzyl]azane  
# (mw ?  Latest 'Red' book gives azane for derivatives of ammonia) 
 
  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C54 H72 Br2 Cu3 N2 Sb6 1+, B F4 1-, 1.5(C H2 Cl2)'  
_chemical_formula_sum            'C55.50 H75 B Br2 Cl3 Cu3 F4 N2 Sb6'  
_chemical_formula_weight          2044.27  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real     
481 
 
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'B'  'B'   0.0013   0.0007  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'F'  'F'   0.0171   0.0103  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cu'  'Cu'   0.3201   1.2651  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cl'  'Cl'   0.1484   0.1585  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2901   2.4595  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 
_symmetry_cell_setting             Monoclinic  
_symmetry_space_group_name_H-M    'P 21/c' 
_space_group_IT_number             14          
_space_group_name_Hall            '-P 2ybc' 
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    16.636(8)  
_cell_length_b                    12.192(6)  
_cell_length_c                    18.546(9)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  104.656(8)  
_cell_angle_gamma                 90.00  
_cell_volume                      3639(3)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     100(2)  
_cell_measurement_reflns_used     1844  
_cell_measurement_theta_min       8.4  
_cell_measurement_theta_max       27.5 
  
_exptl_crystal_description        block  
_exptl_crystal_colour             colourless 
_exptl_crystal_size_max           0.06  
_exptl_crystal_size_mid           0.04  
_exptl_crystal_size_min           0.03  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.866  
_exptl_crystal_density_method     'not measured'  482 
 
_exptl_crystal_F_000              1954  
_exptl_absorpt_coefficient_mu     4.299  
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.615  
_exptl_absorpt_correction_T_max   1.000  
_exptl_absorpt_process_details     
; 
 Jacobson, R. (1998). REQAB. Private communication to the  





 ?  
;  
  
_diffrn_ambient_temperature       100(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_monochromator   'Confocal' 
_diffrn_radiation_collimation    'Confocal mirrors, VHF VariMax ' 
 
_diffrn_source                    'Rotating anode X-ray tube' 
_diffrn_source_type               'Rigaku FR-E+ Superbright' 
 
_diffrn_measurement_device        'Four-circle \k diffractometer'  
_diffrn_measurement_device_type   'Rigaku AFC12 ' 
_diffrn_measurement_method        'Profile data from \w-scans'  
 
_diffrn_detector                  'CCD plate' 
_diffrn_detector_type             'Rigaku HG Saturn724+ (2x2 bin mode)' 
_diffrn_detector_area_resol_mean   28.5714 
  
_diffrn_standards_number          0 
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             23331  
_diffrn_reflns_av_R_equivalents   0.0623  
_diffrn_reflns_av_sigmaI/netI     0.0722  
_diffrn_reflns_limit_h_min        -21  
_diffrn_reflns_limit_h_max        21  
_diffrn_reflns_limit_k_min        -13  
_diffrn_reflns_limit_k_max        15  
_diffrn_reflns_limit_l_min        -24  
_diffrn_reflns_limit_l_max        24  
_diffrn_reflns_theta_min          3.01  
_diffrn_reflns_theta_max          27.48  
_reflns_number_total              8252  
_reflns_number_gt                 6488  
_reflns_threshold_expression      I>2\s(I)  
 
_computing_data_collection 




   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_data_reduction    
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_structure_solution  
   'SHELXS-97 (Sheldrick, 1997)'  
_computing_structure_refinement   
   'SHELXL-97 (Sheldrick, 2008)'  
_computing_molecular_graphics     ?  





 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0879P)^2^+38.2224P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          8252  
_refine_ls_number_parameters      371  
_refine_ls_number_restraints      7  
_refine_ls_R_factor_all           0.0834  
_refine_ls_R_factor_gt            0.0648  
_refine_ls_wR_factor_ref          0.1784  
_refine_ls_wR_factor_gt           0.1637  
_refine_ls_goodness_of_fit_ref    1.021  
_refine_ls_restrained_S_all       1.021  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  484 
 
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Sb1 Sb 0.33127(4) 0.37182(5) 0.35515(3) 0.02618(15) Uani 1 1 d . . .  
Sb2 Sb 0.35349(4) 0.36453(5) 0.58056(3) 0.02781(16) Uani 1 1 d . . .  
Sb3 Sb 0.18947(3) 0.57424(5) 0.44764(3) 0.02465(15) Uani 1 1 d . . .  
Br1 Br 0.42590(5) 0.65783(7) 0.47733(5) 0.0314(2) Uani 1 1 d . . .  
Cu1 Cu 0.33318(6) 0.49052(8) 0.46839(5) 0.0240(2) Uani 1 1 d . . .  
Cu2 Cu 0.5000 0.5000 0.5000 0.0305(3) Uani 1 2 d S . .  
N1 N 0.1690(4) 0.2803(6) 0.4358(4) 0.0260(14) Uani 1 1 d . . .  
C1 C 0.2424(6) 0.3821(8) 0.2479(5) 0.034(2) Uani 1 1 d . . .  
H1A H 0.2379 0.4584 0.2307 0.051 Uiso 1 1 calc R . .  
H1B H 0.1881 0.3566 0.2525 0.051 Uiso 1 1 calc R . .  
H1C H 0.2610 0.3360 0.2119 0.051 Uiso 1 1 calc R . .  
C2 C 0.4371(6) 0.3707(8) 0.3092(5) 0.036(2) Uani 1 1 d . . .  
H2A H 0.4479 0.4454 0.2944 0.054 Uiso 1 1 calc R . .  
H2B H 0.4262 0.3226 0.2654 0.054 Uiso 1 1 calc R . .  
H2C H 0.4857 0.3438 0.3466 0.054 Uiso 1 1 calc R . .  
C3 C 0.3964(6) 0.1977(7) 0.5878(5) 0.0329(19) Uani 1 1 d . . .  
H3A H 0.4498 0.1943 0.5746 0.049 Uiso 1 1 calc R . .  
H3B H 0.3557 0.1520 0.5532 0.049 Uiso 1 1 calc R . .  
H3C H 0.4033 0.1708 0.6388 0.049 Uiso 1 1 calc R . .  
C4 C 0.4288(6) 0.4104(8) 0.6880(5) 0.035(2) Uani 1 1 d . . .  
H4A H 0.4862 0.4216 0.6850 0.053 Uiso 1 1 calc R . .  
H4B H 0.4273 0.3520 0.7239 0.053 Uiso 1 1 calc R . .  
H4C H 0.4074 0.4785 0.7042 0.053 Uiso 1 1 calc R . .  
C5 C 0.1055(6) 0.5826(8) 0.5194(5) 0.034(2) Uani 1 1 d . . .  
H5A H 0.1010 0.5100 0.5407 0.050 Uiso 1 1 calc R . .  
H5B H 0.0506 0.6065 0.4904 0.050 Uiso 1 1 calc R . .  
H5C H 0.1269 0.6352 0.5597 0.050 Uiso 1 1 calc R . .  
C6 C 0.1797(7) 0.7439(7) 0.4164(6) 0.038(2) Uani 1 1 d . . .  
H6A H 0.2151 0.7878 0.4563 0.057 Uiso 1 1 calc R . .  
H6B H 0.1219 0.7678 0.4082 0.057 Uiso 1 1 calc R . .  
H6C H 0.1978 0.7536 0.3705 0.057 Uiso 1 1 calc R . .  
C7 C 0.3289(5) 0.1993(7) 0.3790(4) 0.0269(17) Uani 1 1 d . . .  
C8 C 0.4043(6) 0.1428(7) 0.3905(5) 0.0305(18) Uani 1 1 d . . .  
H8 H 0.4530 0.1800 0.3860 0.037 Uiso 1 1 calc R . .  
C9 C 0.4077(6) 0.0299(8) 0.4086(6) 0.038(2) Uani 1 1 d . . .  
H9 H 0.4586 -0.0088 0.4155 0.046 Uiso 1 1 calc R . .  
C10 C 0.3377(6) -0.0242(8) 0.4165(6) 0.039(2) Uani 1 1 d . . .  
H10 H 0.3402 -0.0997 0.4295 0.047 Uiso 1 1 calc R . .  
C11 C 0.2624(6) 0.0339(8) 0.4050(5) 0.037(2) Uani 1 1 d . . .  
H11 H 0.2138 -0.0033 0.4095 0.044 Uiso 1 1 calc R . .  
C12 C 0.2580(5) 0.1457(7) 0.3869(5) 0.0285(17) Uani 1 1 d . . .  
C13 C 0.1749(5) 0.2026(7) 0.3752(5) 0.0302(18) Uani 1 1 d . . .  
H13A H 0.1636 0.2434 0.3276 0.036 Uiso 1 1 calc R . .  
H13B H 0.1312 0.1462 0.3706 0.036 Uiso 1 1 calc R . .  
C14 C 0.2386(5) 0.3491(8) 0.6116(5) 0.0295(18) Uani 1 1 d . . .  
C15 C 0.2288(6) 0.4089(8) 0.6722(5) 0.035(2) Uani 1 1 d . . .  
H15 H 0.2735 0.4528 0.6992 0.042 Uiso 1 1 calc R . .  
C16 C 0.1547(6) 0.4062(9) 0.6948(5) 0.039(2) Uani 1 1 d . . .     
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H16 H 0.1489 0.4491 0.7360 0.047 Uiso 1 1 calc R . .  
C17 C 0.0900(6) 0.3408(9) 0.6568(5) 0.037(2) Uani 1 1 d . . .  
H17 H 0.0393 0.3389 0.6715 0.044 Uiso 1 1 calc R . .  
C18 C 0.0994(5) 0.2779(8) 0.5970(5) 0.033(2) Uani 1 1 d . . .  
H18 H 0.0558 0.2303 0.5725 0.039 Uiso 1 1 calc R . .  
C19 C 0.1722(6) 0.2837(7) 0.5723(5) 0.0302(18) Uani 1 1 d . . .  
C20 C 0.1772(5) 0.2150(7) 0.5052(5) 0.0296(18) Uani 1 1 d . . .  
H20A H 0.2311 0.1760 0.5167 0.036 Uiso 1 1 calc R . .  
H20B H 0.1326 0.1591 0.4962 0.036 Uiso 1 1 calc R . .  
C21 C 0.1060(5) 0.5077(7) 0.3490(4) 0.0279(17) Uani 1 1 d . . .  
C22 C 0.0914(6) 0.5704(8) 0.2831(5) 0.0325(19) Uani 1 1 d . . .  
H22 H 0.1183 0.6394 0.2839 0.039 Uiso 1 1 calc R . .  
C23 C 0.0387(6) 0.5337(9) 0.2170(5) 0.039(2) Uani 1 1 d . . .  
H23 H 0.0292 0.5773 0.1732 0.046 Uiso 1 1 calc R . .  
C24 C 0.0004(6) 0.4334(9) 0.2158(5) 0.043(3) Uani 1 1 d . . .  
H24 H -0.0371 0.4083 0.1713 0.052 Uiso 1 1 calc R . .  
C25 C 0.0167(6) 0.3676(8) 0.2807(5) 0.037(2) Uani 1 1 d . . .  
H25 H -0.0080 0.2970 0.2791 0.044 Uiso 1 1 calc R . .  
C26 C 0.0693(5) 0.4061(8) 0.3477(4) 0.0292(18) Uani 1 1 d . . .  
C27 C 0.0850(5) 0.3320(7) 0.4163(5) 0.0284(17) Uani 1 1 d . . .  
H27A H 0.0784 0.3759 0.4594 0.034 Uiso 1 1 calc R . .  
H27B H 0.0425 0.2734 0.4074 0.034 Uiso 1 1 calc R . .  
Cl1 Cl 0.3190(3) 0.7861(6) 0.1285(3) 0.0869(18) Uani 0.75 1 d P . .  
Cl2 Cl 0.3170(3) 0.6928(4) 0.2730(2) 0.0601(10) Uani 0.75 1 d P . .  
C28 C 0.2561(14) 0.722(2) 0.1785(10) 0.086(6) Uani 0.75 1 d P . .  
H28A H 0.2338 0.6522 0.1535 0.103 Uiso 0.75 1 calc PR . .  
H28B H 0.2086 0.7696 0.1801 0.103 Uiso 0.75 1 calc PR . .  
B1 B 0.0759(9) 0.5523(13) 0.0292(7) 0.033(4)  Uani 0.50 1 d PDU A -1  
F1 F 0.1520(7) 0.5273(9) 0.0743(6) 0.042(3)   Uani 0.50 1 d PDU A -1  
F2 F 0.0585(9) 0.6563(10) 0.0484(8) 0.058(3)  Uiso 0.50 1 d PDU A -1  
F3 F 0.0163(9) 0.4792(11) 0.0429(7) 0.061(4)  Uani 0.50 1 d PDU A -1  
F4 F 0.0719(9) 0.5439(13) -0.0465(6) 0.062(4) Uani 0.50 1 d PDU A -1  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Sb1 0.0309(3) 0.0271(3) 0.0192(3) -0.0043(2) 0.0038(2) -0.0043(2)  
Sb2 0.0284(3) 0.0326(3) 0.0213(3) 0.0065(2) 0.0042(2) -0.0001(2)  
Sb3 0.0253(3) 0.0292(3) 0.0173(2) 0.0007(2) 0.00147(19) 0.0001(2)  
Br1 0.0288(4) 0.0287(5) 0.0344(5) -0.0012(4) 0.0035(3) -0.0027(3)  
Cu1 0.0254(5) 0.0288(5) 0.0162(4) 0.0003(4) 0.0019(4) -0.0007(4)  
Cu2 0.0298(8) 0.0340(8) 0.0248(7) -0.0035(6) 0.0016(6) 0.0030(6)  
N1 0.025(3) 0.025(4) 0.024(3) 0.003(3) -0.001(3) -0.002(3)  
C1 0.035(5) 0.040(5) 0.021(4) 0.004(4) -0.003(3) -0.006(4)  
C2 0.042(5) 0.037(5) 0.031(5) -0.004(4) 0.014(4) -0.009(4)  
C3 0.036(5) 0.030(5) 0.032(4) 0.009(4) 0.008(4) 0.008(4)  
C4 0.034(5) 0.040(5) 0.026(4) -0.002(4) -0.004(4) -0.005(4)  
C5 0.038(5) 0.046(6) 0.020(4) 0.001(4) 0.014(4) 0.002(4)  
C6 0.054(6) 0.020(4) 0.040(5) 0.006(4) 0.012(4) 0.001(4)  486 
 
C7 0.033(4) 0.029(4) 0.017(3) -0.002(3) 0.002(3) -0.004(3)  
C8 0.029(4) 0.031(5) 0.028(4) -0.004(4) 0.003(3) -0.005(3)  
C9 0.032(5) 0.039(5) 0.040(5) -0.006(4) 0.003(4) 0.003(4)  
C10 0.045(5) 0.024(4) 0.047(6) -0.001(4) 0.009(4) 0.004(4)  
C11 0.037(5) 0.030(5) 0.040(5) 0.000(4) 0.004(4) -0.003(4)  
C12 0.028(4) 0.032(5) 0.025(4) -0.001(3) 0.007(3) 0.001(3)  
C13 0.032(4) 0.028(4) 0.029(4) -0.001(4) 0.003(3) -0.004(3)  
C14 0.033(4) 0.038(5) 0.020(4) 0.005(3) 0.010(3) -0.005(4)  
C15 0.042(5) 0.048(6) 0.015(4) 0.010(4) 0.007(3) 0.005(4)  
C16 0.043(5) 0.056(6) 0.020(4) 0.009(4) 0.011(4) 0.008(5)  
C17 0.033(5) 0.053(6) 0.028(4) 0.018(4) 0.011(4) 0.006(4)  
C18 0.027(4) 0.045(5) 0.028(4) 0.011(4) 0.010(3) 0.005(4)  
C19 0.035(5) 0.030(5) 0.025(4) 0.012(4) 0.006(3) 0.002(4)  
C20 0.024(4) 0.030(5) 0.033(4) 0.006(4) 0.004(3) -0.003(3)  
C21 0.024(4) 0.039(5) 0.018(4) -0.004(3) 0.000(3) 0.000(3)  
C22 0.041(5) 0.032(5) 0.022(4) 0.003(4) 0.004(4) 0.013(4)  
C23 0.044(5) 0.047(6) 0.020(4) 0.000(4) -0.001(4) 0.017(4)  
C24 0.042(5) 0.056(7) 0.022(4) -0.009(4) -0.010(4) 0.016(5)  
C25 0.033(5) 0.038(5) 0.032(5) -0.015(4) -0.006(4) 0.004(4)  
C26 0.031(4) 0.038(5) 0.016(4) -0.001(3) 0.003(3) -0.001(4)  
C27 0.024(4) 0.032(5) 0.026(4) 0.000(4) 0.000(3) 0.000(3)  
Cl1 0.060(3) 0.151(5) 0.051(2) 0.051(3) 0.016(2) 0.013(3)  
Cl2 0.073(3) 0.075(3) 0.0326(17) 0.0130(18) 0.0146(17) 0.009(2)  
C28 0.091(15) 0.117(18) 0.046(10) 0.016(11) 0.009(10) -0.005(13)  
B1 0.047(8) 0.039(11) 0.010(6) 0.009(7) 0.003(6) 0.021(7)  
F1 0.040(6) 0.042(6) 0.031(5) -0.013(5) -0.012(4) 0.003(5)  
F3 0.075(10) 0.058(8) 0.049(8) -0.003(7) 0.016(7) -0.012(7)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Sb1 C2 2.142(9) . ?  
Sb1 C7 2.152(9) . ?  
Sb1 C1 2.160(8) . ?  
Sb1 Cu1 2.5440(14) . ?  
Sb2 C14 2.140(8) . ?  
Sb2 C4 2.142(9) . ?  
Sb2 C3 2.148(9) . ?  
Sb2 Cu1 2.5388(14) . ?  
Sb3 C6 2.143(9) . ?     
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Sb3 C21 2.156(8) . ?  
Sb3 C5 2.162(8) . ?  
Sb3 Cu1 2.5378(16) . ?  
Br1 Cu2 2.2665(13) . ?  
Br1 Cu1 2.5373(16) . ?  
Cu1 Cu2 2.6900(17) . ?  
Cu2 Br1 2.2665(13) 3_666 ?  
Cu2 Cu1 2.6900(17) 3_666 ?  
N1 C27 1.491(10) . ?  
N1 C20 1.490(11) . ?  
N1 C13 1.491(11) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
C3 H3A 0.9800 . ?  
C3 H3B 0.9800 . ?  
C3 H3C 0.9800 . ?  
C4 H4A 0.9800 . ?  
C4 H4B 0.9800 . ?  
C4 H4C 0.9800 . ?  
C5 H5A 0.9800 . ?  
C5 H5B 0.9800 . ?  
C5 H5C 0.9800 . ?  
C6 H6A 0.9800 . ?  
C6 H6B 0.9800 . ?  
C6 H6C 0.9800 . ?  
C7 C12 1.387(12) . ?  
C7 C8 1.400(12) . ?  
C8 C9 1.414(13) . ?  
C8 H8 0.9500 . ?  
C9 C10 1.378(14) . ?  
C9 H9 0.9500 . ?  
C10 C11 1.407(13) . ?  
C10 H10 0.9500 . ?  
C11 C12 1.401(13) . ?  
C11 H11 0.9500 . ?  
C12 C13 1.513(12) . ?  
C13 H13A 0.9900 . ?  
C13 H13B 0.9900 . ?  
C14 C15 1.384(12) . ?  
C14 C19 1.407(12) . ?  
C15 C16 1.399(13) . ?  
C15 H15 0.9500 . ?  
C16 C17 1.380(15) . ?  
C16 H16 0.9500 . ?  
C17 C18 1.390(13) . ?  
C17 H17 0.9500 . ?  
C18 C19 1.401(12) . ?  
C18 H18 0.9500 . ?  
C19 C20 1.519(13) . ?  
C20 H20A 0.9900 . ?  488 
 
C20 H20B 0.9900 . ?  
C21 C26 1.379(13) . ?  
C21 C22 1.409(12) . ?  
C22 C23 1.388(12) . ?  
C22 H22 0.9500 . ?  
C23 C24 1.377(16) . ?  
C23 H23 0.9500 . ?  
C24 C25 1.415(14) . ?  
C24 H24 0.9500 . ?  
C25 C26 1.407(11) . ?  
C25 H25 0.9500 . ?  
C26 C27 1.528(12) . ?  
C27 H27A 0.9900 . ?  
C27 H27B 0.9900 . ?  
Cl1 C28 1.75(2) . ?  
Cl2 C28 1.822(19) . ?  
C28 H28A 0.9900 . ?  
C28 H28B 0.9900 . ?  
B1 F1 1.362(14) . ?  
B1 F2 1.368(15) . ?  
B1 F4 1.392(14) . ?  
B1 F3 1.403(16) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C2 Sb1 C7 97.8(3) . . ?  
C2 Sb1 C1 94.2(4) . . ?  
C7 Sb1 C1 101.7(3) . . ?  
C2 Sb1 Cu1 119.5(3) . . ?  
C7 Sb1 Cu1 112.5(2) . . ?  
C1 Sb1 Cu1 126.1(3) . . ?  
C14 Sb2 C4 97.2(4) . . ?  
C14 Sb2 C3 101.9(4) . . ?  
C4 Sb2 C3 94.7(4) . . ?  
C14 Sb2 Cu1 109.3(2) . . ?  
C4 Sb2 Cu1 122.0(3) . . ?  
C3 Sb2 Cu1 126.7(2) . . ?  
C6 Sb3 C21 98.4(4) . . ?  
C6 Sb3 C5 96.0(4) . . ?  
C21 Sb3 C5 99.4(3) . . ?  
C6 Sb3 Cu1 115.7(3) . . ?  
C21 Sb3 Cu1 110.9(2) . . ?  
C5 Sb3 Cu1 131.0(3) . . ?  
Cu2 Br1 Cu1 67.84(5) . . ?  
Br1 Cu1 Sb3 102.73(6) . . ?  
Br1 Cu1 Sb2 118.70(5) . . ?  
Sb3 Cu1 Sb2 107.01(4) . . ?  
Br1 Cu1 Sb1 113.06(5) . . ?     
489 
 
Sb3 Cu1 Sb1 106.80(4) . . ?  
Sb2 Cu1 Sb1 107.67(6) . . ?  
Br1 Cu1 Cu2 51.29(3) . . ?  
Sb3 Cu1 Cu2 153.66(5) . . ?  
Sb2 Cu1 Cu2 86.06(3) . . ?  
Sb1 Cu1 Cu2 90.06(3) . . ?  
Br1 Cu2 Br1 180.0 3_666 . ?  
Br1 Cu2 Cu1 119.13(4) 3_666 . ?  
Br1 Cu2 Cu1 60.87(4) . . ?  
Br1 Cu2 Cu1 60.87(4) 3_666 3_666 ?  
Br1 Cu2 Cu1 119.13(4) . 3_666 ?  
Cu1 Cu2 Cu1 180.00(4) . 3_666 ?  
C27 N1 C20 108.0(6) . . ?  
C27 N1 C13 108.8(6) . . ?  
C20 N1 C13 107.6(7) . . ?  
Sb1 C1 H1A 109.5 . . ?  
Sb1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Sb1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
Sb1 C2 H2A 109.5 . . ?  
Sb1 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
Sb1 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  
Sb2 C3 H3A 109.5 . . ?  
Sb2 C3 H3B 109.5 . . ?  
H3A C3 H3B 109.5 . . ?  
Sb2 C3 H3C 109.5 . . ?  
H3A C3 H3C 109.5 . . ?  
H3B C3 H3C 109.5 . . ?  
Sb2 C4 H4A 109.5 . . ?  
Sb2 C4 H4B 109.5 . . ?  
H4A C4 H4B 109.5 . . ?  
Sb2 C4 H4C 109.5 . . ?  
H4A C4 H4C 109.5 . . ?  
H4B C4 H4C 109.5 . . ?  
Sb3 C5 H5A 109.5 . . ?  
Sb3 C5 H5B 109.5 . . ?  
H5A C5 H5B 109.5 . . ?  
Sb3 C5 H5C 109.5 . . ?  
H5A C5 H5C 109.5 . . ?  
H5B C5 H5C 109.5 . . ?  
Sb3 C6 H6A 109.5 . . ?  
Sb3 C6 H6B 109.5 . . ?  
H6A C6 H6B 109.5 . . ?  
Sb3 C6 H6C 109.5 . . ?  
H6A C6 H6C 109.5 . . ?  
H6B C6 H6C 109.5 . . ?  
C12 C7 C8 120.3(8) . . ?  
C12 C7 Sb1 122.8(6) . . ?  
C8 C7 Sb1 116.7(6) . . ?  490 
 
C7 C8 C9 119.7(8) . . ?  
C7 C8 H8 120.2 . . ?  
C9 C8 H8 120.2 . . ?  
C10 C9 C8 120.5(9) . . ?  
C10 C9 H9 119.8 . . ?  
C8 C9 H9 119.8 . . ?  
C9 C10 C11 119.1(9) . . ?  
C9 C10 H10 120.5 . . ?  
C11 C10 H10 120.5 . . ?  
C12 C11 C10 121.1(9) . . ?  
C12 C11 H11 119.4 . . ?  
C10 C11 H11 119.4 . . ?  
C7 C12 C11 119.3(8) . . ?  
C7 C12 C13 122.6(8) . . ?  
C11 C12 C13 118.1(8) . . ?  
N1 C13 C12 114.6(7) . . ?  
N1 C13 H13A 108.6 . . ?  
C12 C13 H13A 108.6 . . ?  
N1 C13 H13B 108.6 . . ?  
C12 C13 H13B 108.6 . . ?  
H13A C13 H13B 107.6 . . ?  
C15 C14 C19 118.7(8) . . ?  
C15 C14 Sb2 118.0(7) . . ?  
C19 C14 Sb2 123.3(6) . . ?  
C14 C15 C16 121.7(9) . . ?  
C14 C15 H15 119.2 . . ?  
C16 C15 H15 119.2 . . ?  
C17 C16 C15 119.5(9) . . ?  
C17 C16 H16 120.3 . . ?  
C15 C16 H16 120.3 . . ?  
C16 C17 C18 119.8(9) . . ?  
C16 C17 H17 120.1 . . ?  
C18 C17 H17 120.1 . . ?  
C17 C18 C19 120.9(9) . . ?  
C17 C18 H18 119.5 . . ?  
C19 C18 H18 119.5 . . ?  
C18 C19 C14 119.3(8) . . ?  
C18 C19 C20 118.1(8) . . ?  
C14 C19 C20 122.5(8) . . ?  
N1 C20 C19 113.7(7) . . ?  
N1 C20 H20A 108.8 . . ?  
C19 C20 H20A 108.8 . . ?  
N1 C20 H20B 108.8 . . ?  
C19 C20 H20B 108.8 . . ?  
H20A C20 H20B 107.7 . . ?  
C26 C21 C22 119.6(8) . . ?  
C26 C21 Sb3 122.7(6) . . ?  
C22 C21 Sb3 117.7(7) . . ?  
C23 C22 C21 121.5(9) . . ?  
C23 C22 H22 119.3 . . ?  
C21 C22 H22 119.3 . . ?  
C24 C23 C22 119.2(9) . . ?  
C24 C23 H23 120.4 . . ?  
C22 C23 H23 120.4 . . ?     
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C23 C24 C25 120.1(9) . . ?  
C23 C24 H24 120.0 . . ?  
C25 C24 H24 120.0 . . ?  
C26 C25 C24 120.3(9) . . ?  
C26 C25 H25 119.8 . . ?  
C24 C25 H25 119.8 . . ?  
C21 C26 C25 119.3(8) . . ?  
C21 C26 C27 122.3(7) . . ?  
C25 C26 C27 118.4(8) . . ?  
N1 C27 C26 113.8(7) . . ?  
N1 C27 H27A 108.8 . . ?  
C26 C27 H27A 108.8 . . ?  
N1 C27 H27B 108.8 . . ?  
C26 C27 H27B 108.8 . . ?  
H27A C27 H27B 107.7 . . ?  
Cl1 C28 Cl2 109.5(12) . . ?  
Cl1 C28 H28A 109.8 . . ?  
Cl2 C28 H28A 109.8 . . ?  
Cl1 C28 H28B 109.8 . . ?  
Cl2 C28 H28B 109.8 . . ?  
H28A C28 H28B 108.2 . . ?  
F1 B1 F2 105.8(13) . . ?  
F1 B1 F4 113.8(13) . . ?  
F2 B1 F4 111.8(13) . . ?  
F1 B1 F3 109.7(13) . . ?  
F2 B1 F3 109.6(13) . . ?  
F4 B1 F3 106.2(13) . . ?  
  
_diffrn_measured_fraction_theta_max    0.989  
_diffrn_reflns_theta_full              27.48  
_diffrn_measured_fraction_theta_full   0.989  
_refine_diff_density_max    5.731  
_refine_diff_density_min   -2.770  








_audit_creation_method          'SHELXL-97 + hand edit'  
_audit_creation_date            '2012-05-17' 





 tetracopper(I) dichloromethane solvate  
; 
 
# C27H36NSb3 = N(CH2C6H4(SbMe2))3 
# N,N-bis[2-(dimethylstibino)benzyl]-1-[2-(dimethylstibino)phenyl]methanamine  
# (ACD iLab defaults) 492 
 
# N,N-bis[2-(dimethylstibanyl)benzyl]-1-[2-(dimethylstibanyl)phenyl]methanamine  
# (ACD iLab selected options) 
# N,N,N-tris[2-(dimethylstibanyl)benzyl]azane  
# (mw ?  Latest 'Red' book gives azane for derivatives of ammonia) 
 
  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C54 H72 Br4 Cu4 N2 Sb6, 4(C1 H2 Cl2)'  
_chemical_formula_sum            'C58 H80 Br4 Cl8 Cu4 N2 Sb6'  
_chemical_formula_weight          2393.14  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cu'  'Cu'   0.3201   1.2651  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cl'  'Cl'   0.1484   0.1585  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2901   2.4595  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 
_symmetry_cell_setting             Triclinic  
_symmetry_space_group_name_H-M    'P -1' 
_space_group_IT_number             2          




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    11.755(3)  
_cell_length_b                    12.875(4)  
_cell_length_c                    13.094(5)  
_cell_angle_alpha                 100.987(7)  
_cell_angle_beta                  93.589(7)  
_cell_angle_gamma                 101.211(7)  
_cell_volume                      1898.1(10)  
_cell_formula_units_Z             1  
_cell_measurement_temperature     100(2)  
_cell_measurement_reflns_used     14096    
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_cell_measurement_theta_min       3.2 
_cell_measurement_theta_max       27.5 
  
_exptl_crystal_description        chip  
_exptl_crystal_colour             colourless 
_exptl_crystal_size_max           0.04  
_exptl_crystal_size_mid           0.03  
_exptl_crystal_size_min           0.01  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.094  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1140  
_exptl_absorpt_coefficient_mu     5.617  
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.831  
_exptl_absorpt_correction_T_max   1.000  
_exptl_absorpt_process_details     
; 
Jacobson, R. (1998). REQAB. Private communication to the  







 ?  
;  
  
_diffrn_ambient_temperature       100(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_monochromator   'Confocal' 
_diffrn_radiation_collimation    'Confocal mirrors, VHF VariMax ' 
 
_diffrn_source                    'Rotating anode X-ray tube' 
_diffrn_source_type               'Rigaku FR-E+ Superbright' 
 
_diffrn_measurement_device        'Four-circle \k diffractometer'  
_diffrn_measurement_device_type   'Rigaku AFC12 ' 
_diffrn_measurement_method        'Profile data from \w-scans'  
 
_diffrn_detector                  'CCD plate' 
_diffrn_detector_type             'Rigaku HG Saturn724+ (2x2 bin mode)' 
_diffrn_detector_area_resol_mean   28.5714 
 
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             17942  
_diffrn_reflns_av_R_equivalents   0.0453  
_diffrn_reflns_av_sigmaI/netI     0.0707  
_diffrn_reflns_limit_h_min        -15  494 
 
_diffrn_reflns_limit_h_max        14  
_diffrn_reflns_limit_k_min        -16  
_diffrn_reflns_limit_k_max        16  
_diffrn_reflns_limit_l_min        -13  
_diffrn_reflns_limit_l_max        17  
_diffrn_reflns_theta_min          3.19  
_diffrn_reflns_theta_max          27.48  
_reflns_number_total              8666  
_reflns_number_gt                 6476  
_reflns_threshold_expression      I>2\s(I)  
 
_computing_data_collection 
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_cell_refinement  
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_data_reduction    
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_structure_solution  
   'SHELXS-97 (Sheldrick, 1997)'  
_computing_structure_refinement   
   'SHELXL-97 (Sheldrick, 2008)'  
_computing_molecular_graphics     ?  




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0159P)^2^+2.4205P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          8666  
_refine_ls_number_parameters      370  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0634  
_refine_ls_R_factor_gt            0.0401  
_refine_ls_wR_factor_ref          0.0751  
_refine_ls_wR_factor_gt           0.0688  
_refine_ls_goodness_of_fit_ref    1.041     
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_refine_ls_restrained_S_all       1.041  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Sb1 Sb 0.33199(3) 0.46437(3) 0.28645(3) 0.01279(8) Uani 1 1 d . . .  
Sb2 Sb 0.41601(3) 0.17705(3) 0.31489(3) 0.01330(8) Uani 1 1 d . . .  
Sb3 Sb 0.08054(3) 0.18787(3) 0.20953(3) 0.01459(8) Uani 1 1 d . . .  
Br1 Br 0.18739(5) 0.30461(4) 0.50974(4) 0.01842(12) Uani 1 1 d . . .  
Br2 Br 0.02338(5) 0.50000(5) 0.34843(4) 0.02600(14) Uani 1 1 d . . .  
Cu1 Cu 0.25697(5) 0.28492(5) 0.33554(5) 0.01333(14) Uani 1 1 d . . .  
Cu2 Cu 0.06686(6) 0.42905(5) 0.50013(5) 0.02228(16) Uani 1 1 d . . .  
N1  N 0.3325(3) 0.2381(3) 0.0668(3) 0.0123(9) Uani 1 1 d . . .  
C1  C 0.3935(5) 0.5991(4) 0.4139(4) 0.0259(14) Uani 1 1 d . . .  
H1A H 0.3295 0.6109 0.4562 0.039 Uiso 1 1 calc R . .  
H1B H 0.4222 0.6640 0.3866 0.039 Uiso 1 1 calc R . .  
H1C H 0.4569 0.5841 0.4573 0.039 Uiso 1 1 calc R . .  
C2 C 0.2506(5) 0.5483(4) 0.1860(4) 0.0233(13) Uani 1 1 d . . .  
H2A H 0.2157 0.4976 0.1209 0.035 Uiso 1 1 calc R . .  
H2B H 0.3091 0.6067 0.1701 0.035 Uiso 1 1 calc R . .  
H2C H 0.1897 0.5788 0.2212 0.035 Uiso 1 1 calc R . .  
C3 C 0.4506(5) 0.0867(4) 0.4300(4) 0.0214(12) Uani 1 1 d . . .  
H3A H 0.4746 0.1361 0.4981 0.032 Uiso 1 1 calc R . .  
H3B H 0.5131 0.0488 0.4101 0.032 Uiso 1 1 calc R . .  
H3C H 0.3799 0.0338 0.4346 0.032 Uiso 1 1 calc R . .  
C4 C 0.5973(4) 0.2313(4) 0.2962(4) 0.0195(12) Uani 1 1 d . . .  
H4A H 0.6319 0.2935 0.3525 0.029 Uiso 1 1 calc R . .  
H4B H 0.6041 0.2526 0.2285 0.029 Uiso 1 1 calc R . .  
H4C H 0.6385 0.1725 0.2991 0.029 Uiso 1 1 calc R . .  
C5 C 0.0391(5) 0.0183(4) 0.1409(4) 0.0224(13) Uani 1 1 d . . .  
H5A H 0.0451 -0.0232 0.1957 0.034 Uiso 1 1 calc R . .  
H5B H 0.0938 0.0021 0.0897 0.034 Uiso 1 1 calc R . .  
H5C H -0.0406 -0.0014 0.1060 0.034 Uiso 1 1 calc R . .  
C6 C -0.0869(4) 0.1904(4) 0.2636(4) 0.0222(12) Uani 1 1 d . . .  
H6A H -0.0919 0.1606 0.3271 0.033 Uiso 1 1 calc R . .  
H6B H -0.1477 0.1466 0.2094 0.033 Uiso 1 1 calc R . .  
H6C H -0.0979 0.2651 0.2792 0.033 Uiso 1 1 calc R . .  
C7 C 0.4908(4) 0.4621(4) 0.2131(4) 0.0113(10) Uani 1 1 d . . .  
C8 C 0.5965(4) 0.5144(4) 0.2714(4) 0.0169(11) Uani 1 1 d . . .  
H8 H 0.5960 0.5524 0.3410 0.020 Uiso 1 1 calc R . .  
C9 C 0.7024(4) 0.5128(4) 0.2308(4) 0.0204(12) Uani 1 1 d . . .  496 
 
H9 H 0.7733 0.5486 0.2724 0.025 Uiso 1 1 calc R . .  
C10 C 0.7036(4) 0.4581(4) 0.1287(4) 0.0198(12) Uani 1 1 d . . .  
H10 H 0.7753 0.4571 0.0991 0.024 Uiso 1 1 calc R . .  
C11 C 0.5992(5) 0.4051(4) 0.0707(4) 0.0187(12) Uani 1 1 d . . .  
H11 H 0.6004 0.3672 0.0012 0.022 Uiso 1 1 calc R . .  
C12 C 0.4919(4) 0.4054(4) 0.1108(4) 0.0114(10) Uani 1 1 d . . .  
C13 C 0.3816(4) 0.3440(4) 0.0420(4) 0.0137(11) Uani 1 1 d . . .  
H13A H 0.3221 0.3891 0.0493 0.016 Uiso 1 1 calc R . .  
H13B H 0.3987 0.3324 -0.0319 0.016 Uiso 1 1 calc R . .  
C14 C 0.3682(4) 0.0441(4) 0.1831(4) 0.0141(11) Uani 1 1 d . . .  
C15 C 0.3236(4) -0.0593(4) 0.2012(4) 0.0185(12) Uani 1 1 d . . .  
H15 H 0.3177 -0.0690 0.2710 0.022 Uiso 1 1 calc R . .  
C16 C 0.2881(4) -0.1479(4) 0.1188(4) 0.0193(12) Uani 1 1 d . . .  
H16 H 0.2569 -0.2172 0.1322 0.023 Uiso 1 1 calc R . .  
C17 C 0.2981(4) -0.1347(4) 0.0174(4) 0.0196(12) Uani 1 1 d . . .  
H17 H 0.2751 -0.1954 -0.0390 0.024 Uiso 1 1 calc R . .  
C18 C 0.3420(4) -0.0324(4) -0.0027(4) 0.0188(12) Uani 1 1 d . . .  
H18 H 0.3494 -0.0242 -0.0727 0.023 Uiso 1 1 calc R . .  
C19 C 0.3748(4) 0.0575(4) 0.0791(4) 0.0143(11) Uani 1 1 d . . .  
C20 C 0.4184(4) 0.1683(4) 0.0529(4) 0.0134(11) Uani 1 1 d . . .  
H20A H 0.4911 0.2051 0.0983 0.016 Uiso 1 1 calc R . .  
H20B H 0.4371 0.1580 -0.0206 0.016 Uiso 1 1 calc R . .  
C21 C 0.0600(4) 0.2565(4) 0.0740(4) 0.0140(11) Uani 1 1 d . . .  
C22 C -0.0269(4) 0.3171(4) 0.0674(4) 0.0172(12) Uani 1 1 d . . .  
H22 H -0.0745 0.3268 0.1230 0.021 Uiso 1 1 calc R . .  
C23 C -0.0443(4) 0.3625(4) -0.0174(4) 0.0159(11) Uani 1 1 d . . .  
H23 H -0.1034 0.4031 -0.0200 0.019 Uiso 1 1 calc R . .  
C24 C 0.0240(4) 0.3494(4) -0.0993(4) 0.0185(12) Uani 1 1 d . . .  
H24 H 0.0109 0.3793 -0.1588 0.022 Uiso 1 1 calc R . .  
C25 C 0.1115(4) 0.2923(4) -0.0935(4) 0.0138(11) Uani 1 1 d . . .  
H25 H 0.1595 0.2845 -0.1490 0.017 Uiso 1 1 calc R . .  
C26 C 0.1307(4) 0.2458(4) -0.0074(4) 0.0135(11) Uani 1 1 d . . .  
C27 C 0.2282(4) 0.1839(4) -0.0075(4) 0.0171(11) Uani 1 1 d . . .  
H27A H 0.1969 0.1126 0.0091 0.021 Uiso 1 1 calc R . .  
H27B H 0.2527 0.1706 -0.0789 0.021 Uiso 1 1 calc R . .  
Cl1 Cl 0.11483(13) 0.00986(12) 0.41168(12) 0.0313(4) Uani 1 1 d . . .  
Cl2 Cl 0.19897(18) -0.18451(15) 0.43488(18) 0.0572(5) Uani 1 1 d . . .  
C28 C 0.0801(6) -0.1337(5) 0.3913(6) 0.0415(17) Uani 1 1 d . . .  
H28A H 0.0125 -0.1565 0.4293 0.050 Uiso 1 1 calc R . .  
H28B H 0.0579 -0.1647 0.3158 0.050 Uiso 1 1 calc R . .  
Cl3 Cl 0.53319(16) 0.81669(17) 0.25374(14) 0.0496(5) Uani 1 1 d . . .  
Cl4 Cl 0.7756(2) 0.92753(16) 0.30657(15) 0.0673(7) Uani 1 1 d . . .  
C29 C 0.6712(5) 0.8138(5) 0.3120(5) 0.0351(16) Uani 1 1 d . . .  
H29A H 0.6653 0.8087 0.3861 0.042 Uiso 1 1 calc R . .  
H29B H 0.6963 0.7485 0.2760 0.042 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12     
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Sb1 0.01262(17) 0.01208(17) 0.01466(17) 0.00423(13) 0.00266(14) 0.00321(13)  
Sb2 0.01479(18) 0.01205(17) 0.01384(17) 0.00296(13) 0.00039(14) 0.00479(13)  
Sb3 0.01392(17) 0.01560(18) 0.01333(17) 0.00453(14) -0.00188(14) 0.00045(14)  
Br1 0.0222(3) 0.0228(3) 0.0133(3) 0.0055(2) 0.0034(2) 0.0098(2)  
Br2 0.0311(3) 0.0348(3) 0.0198(3) 0.0115(3) 0.0097(3) 0.0174(3)  
Cu1 0.0136(3) 0.0132(3) 0.0136(3) 0.0038(3) 0.0001(3) 0.0032(2)  
Cu2 0.0228(4) 0.0229(4) 0.0238(4) 0.0066(3) 0.0033(3) 0.0091(3)  
N1 0.011(2) 0.013(2) 0.013(2) 0.0021(17) -0.0005(17) 0.0026(17)  
C1 0.031(3) 0.018(3) 0.025(3) -0.004(2) 0.005(3) 0.004(3)  
C2 0.025(3) 0.018(3) 0.031(3) 0.010(2) 0.004(3) 0.010(2)  
C3 0.022(3) 0.022(3) 0.024(3) 0.013(2) -0.001(2) 0.007(2)  
C4 0.014(3) 0.023(3) 0.023(3) 0.006(2) 0.000(2) 0.006(2)  
C5 0.032(3) 0.011(3) 0.020(3) 0.005(2) -0.004(3) -0.004(2)  
C6 0.018(3) 0.029(3) 0.023(3) 0.014(2) 0.008(2) 0.001(2)  
C7 0.012(2) 0.009(2) 0.016(3) 0.006(2) 0.004(2) 0.0051(19)  
C8 0.019(3) 0.013(3) 0.019(3) 0.004(2) 0.004(2) 0.002(2)  
C9 0.014(3) 0.015(3) 0.028(3) 0.004(2) -0.007(2) -0.002(2)  
C10 0.013(3) 0.017(3) 0.031(3) 0.008(2) 0.011(2) 0.002(2)  
C11 0.024(3) 0.017(3) 0.015(3) 0.002(2) 0.006(2) 0.004(2)  
C12 0.010(2) 0.010(2) 0.015(3) 0.004(2) 0.000(2) 0.0032(19)  
C13 0.017(3) 0.011(3) 0.010(2) 0.000(2) -0.001(2) 0.000(2)  
C14 0.012(2) 0.012(3) 0.018(3) 0.000(2) -0.004(2) 0.004(2)  
C15 0.015(3) 0.024(3) 0.021(3) 0.011(2) 0.001(2) 0.009(2)  
C16 0.018(3) 0.006(2) 0.031(3) 0.002(2) -0.004(2) 0.000(2)  
C17 0.017(3) 0.008(3) 0.029(3) -0.005(2) -0.005(2) 0.003(2)  
C18 0.015(3) 0.022(3) 0.019(3) 0.000(2) 0.003(2) 0.007(2)  
C19 0.009(2) 0.016(3) 0.018(3) 0.003(2) 0.000(2) 0.004(2)  
C20 0.012(2) 0.012(3) 0.015(3) -0.002(2) 0.004(2) 0.005(2)  
C21 0.013(2) 0.014(3) 0.014(3) 0.003(2) -0.001(2) 0.001(2)  
C22 0.014(3) 0.019(3) 0.016(3) 0.003(2) -0.001(2) 0.000(2)  
C23 0.015(3) 0.019(3) 0.016(3) 0.007(2) -0.001(2) 0.006(2)  
C24 0.021(3) 0.017(3) 0.018(3) 0.007(2) -0.002(2) 0.001(2)  
C25 0.013(3) 0.013(3) 0.015(3) 0.004(2) 0.003(2) 0.000(2)  
C26 0.012(2) 0.007(2) 0.019(3) 0.000(2) -0.002(2) -0.0013(19)  
C27 0.019(3) 0.016(3) 0.016(3) 0.004(2) -0.001(2) 0.003(2)  
Cl1 0.0329(8) 0.0312(8) 0.0302(8) 0.0100(7) 0.0029(7) 0.0039(7)  
Cl2 0.0641(13) 0.0369(10) 0.0809(15) 0.0290(10) 0.0173(12) 0.0157(9)  
C28 0.042(4) 0.027(4) 0.054(5) 0.011(3) 0.013(4) -0.002(3)  
Cl3 0.0435(10) 0.0815(14) 0.0346(9) 0.0182(9) 0.0058(8) 0.0329(10)  
Cl4 0.0906(16) 0.0558(12) 0.0326(10) 0.0004(9) 0.0007(11) -0.0294(11)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  
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 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Sb1 C1 2.139(5) . ?  
Sb1 C2 2.144(5) . ?  
Sb1 C7 2.155(5) . ?  
Sb1 Cu1 2.5246(9) . ?  
Sb2 C3 2.137(5) . ?  
Sb2 C14 2.146(5) . ?  
Sb2 C4 2.155(5) . ?  
Sb2 Cu1 2.5352(8) . ?  
Sb3 C6 2.137(5) . ?  
Sb3 C5 2.143(5) . ?  
Sb3 C21 2.149(5) . ?  
Sb3 Cu1 2.5226(8) . ?  
Br1 Cu2 2.3510(10) . ?  
Br1 Cu1 2.4556(11) . ?  
Br2 Cu2 2.4057(11) . ?  
Br2 Cu2 2.4169(11) 2_566 ?  
Cu2 Br2 2.4169(11) 2_566 ?  
Cu2 Cu2 2.6321(14) 2_566 ?  
N1 C20 1.474(6) . ?  
N1 C13 1.479(6) . ?  
N1 C27 1.482(6) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
C3 H3A 0.9800 . ?  
C3 H3B 0.9800 . ?  
C3 H3C 0.9800 . ?  
C4 H4A 0.9800 . ?  
C4 H4B 0.9800 . ?  
C4 H4C 0.9800 . ?  
C5 H5A 0.9800 . ?  
C5 H5B 0.9800 . ?  
C5 H5C 0.9800 . ?  
C6 H6A 0.9800 . ?  
C6 H6B 0.9800 . ?  
C6 H6C 0.9800 . ?  
C7 C8 1.393(6) . ?  
C7 C12 1.399(6) . ?  
C8 C9 1.386(7) . ?  
C8 H8 0.9500 . ?  
C9 C10 1.390(7) . ?  
C9 H9 0.9500 . ?  
C10 C11 1.381(7) . ?  
C10 H10 0.9500 . ?  
C11 C12 1.397(7) . ?  
C11 H11 0.9500 . ?  
C12 C13 1.518(6) . ?     
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C13 H13A 0.9900 . ?  
C13 H13B 0.9900 . ?  
C14 C15 1.403(7) . ?  
C14 C19 1.410(7) . ?  
C15 C16 1.388(7) . ?  
C15 H15 0.9500 . ?  
C16 C17 1.380(8) . ?  
C16 H16 0.9500 . ?  
C17 C18 1.398(7) . ?  
C17 H17 0.9500 . ?  
C18 C19 1.391(7) . ?  
C18 H18 0.9500 . ?  
C19 C20 1.530(7) . ?  
C20 H20A 0.9900 . ?  
C20 H20B 0.9900 . ?  
C21 C26 1.393(7) . ?  
C21 C22 1.409(7) . ?  
C22 C23 1.372(7) . ?  
C22 H22 0.9500 . ?  
C23 C24 1.383(7) . ?  
C23 H23 0.9500 . ?  
C24 C25 1.381(7) . ?  
C24 H24 0.9500 . ?  
C25 C26 1.400(7) . ?  
C25 H25 0.9500 . ?  
C26 C27 1.517(7) . ?  
C27 H27A 0.9900 . ?  
C27 H27B 0.9900 . ?  
Cl1 C28 1.778(6) . ?  
Cl2 C28 1.762(7) . ?  
C28 H28A 0.9900 . ?  
C28 H28B 0.9900 . ?  
Cl3 C29 1.759(6) . ?  
Cl4 C29 1.734(6) . ?  
C29 H29A 0.9900 . ?  
C29 H29B 0.9900 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 Sb1 C2 97.4(2) . . ?  
C1 Sb1 C7 99.4(2) . . ?  
C2 Sb1 C7 98.3(2) . . ?  
C1 Sb1 Cu1 115.97(16) . . ?  
C2 Sb1 Cu1 130.10(15) . . ?  
C7 Sb1 Cu1 110.57(13) . . ?  
C3 Sb2 C14 97.8(2) . . ?  
C3 Sb2 C4 94.2(2) . . ?  
C14 Sb2 C4 100.1(2) . . ?  500 
 
C3 Sb2 Cu1 119.53(15) . . ?  
C14 Sb2 Cu1 110.59(13) . . ?  
C4 Sb2 Cu1 129.02(14) . . ?  
C6 Sb3 C5 94.6(2) . . ?  
C6 Sb3 C21 99.2(2) . . ?  
C5 Sb3 C21 101.15(19) . . ?  
C6 Sb3 Cu1 117.33(15) . . ?  
C5 Sb3 Cu1 125.69(15) . . ?  
C21 Sb3 Cu1 114.21(13) . . ?  
Cu2 Br1 Cu1 101.06(3) . . ?  
Cu2 Br2 Cu2 66.16(4) . 2_566 ?  
Br1 Cu1 Sb3 105.41(3) . . ?  
Br1 Cu1 Sb1 112.88(3) . . ?  
Sb3 Cu1 Sb1 107.63(3) . . ?  
Br1 Cu1 Sb2 113.42(3) . . ?  
Sb3 Cu1 Sb2 109.59(3) . . ?  
Sb1 Cu1 Sb2 107.73(3) . . ?  
Br1 Cu2 Br2 125.66(4) . . ?  
Br1 Cu2 Br2 120.49(4) . 2_566 ?  
Br2 Cu2 Br2 113.84(4) . 2_566 ?  
Br1 Cu2 Cu2 177.08(5) . 2_566 ?  
Br2 Cu2 Cu2 57.13(3) . 2_566 ?  
Br2 Cu2 Cu2 56.72(3) 2_566 2_566 ?  
C20 N1 C13 109.6(4) . . ?  
C20 N1 C27 107.4(3) . . ?  
C13 N1 C27 109.2(4) . . ?  
Sb1 C1 H1A 109.5 . . ?  
Sb1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Sb1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
Sb1 C2 H2A 109.5 . . ?  
Sb1 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
Sb1 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  
Sb2 C3 H3A 109.5 . . ?  
Sb2 C3 H3B 109.5 . . ?  
H3A C3 H3B 109.5 . . ?  
Sb2 C3 H3C 109.5 . . ?  
H3A C3 H3C 109.5 . . ?  
H3B C3 H3C 109.5 . . ?  
Sb2 C4 H4A 109.5 . . ?  
Sb2 C4 H4B 109.5 . . ?  
H4A C4 H4B 109.5 . . ?  
Sb2 C4 H4C 109.5 . . ?  
H4A C4 H4C 109.5 . . ?  
H4B C4 H4C 109.5 . . ?  
Sb3 C5 H5A 109.5 . . ?  
Sb3 C5 H5B 109.5 . . ?  
H5A C5 H5B 109.5 . . ?  
Sb3 C5 H5C 109.5 . . ?     
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H5A C5 H5C 109.5 . . ?  
H5B C5 H5C 109.5 . . ?  
Sb3 C6 H6A 109.5 . . ?  
Sb3 C6 H6B 109.5 . . ?  
H6A C6 H6B 109.5 . . ?  
Sb3 C6 H6C 109.5 . . ?  
H6A C6 H6C 109.5 . . ?  
H6B C6 H6C 109.5 . . ?  
C8 C7 C12 118.9(4) . . ?  
C8 C7 Sb1 118.7(3) . . ?  
C12 C7 Sb1 122.3(3) . . ?  
C9 C8 C7 122.0(5) . . ?  
C9 C8 H8 119.0 . . ?  
C7 C8 H8 119.0 . . ?  
C8 C9 C10 119.3(5) . . ?  
C8 C9 H9 120.4 . . ?  
C10 C9 H9 120.4 . . ?  
C11 C10 C9 119.1(5) . . ?  
C11 C10 H10 120.5 . . ?  
C9 C10 H10 120.5 . . ?  
C10 C11 C12 122.3(5) . . ?  
C10 C11 H11 118.9 . . ?  
C12 C11 H11 118.9 . . ?  
C7 C12 C11 118.5(4) . . ?  
C7 C12 C13 122.8(4) . . ?  
C11 C12 C13 118.7(4) . . ?  
N1 C13 C12 113.9(4) . . ?  
N1 C13 H13A 108.8 . . ?  
C12 C13 H13A 108.8 . . ?  
N1 C13 H13B 108.8 . . ?  
C12 C13 H13B 108.8 . . ?  
H13A C13 H13B 107.7 . . ?  
C15 C14 C19 118.9(5) . . ?  
C15 C14 Sb2 118.5(4) . . ?  
C19 C14 Sb2 122.6(4) . . ?  
C16 C15 C14 121.1(5) . . ?  
C16 C15 H15 119.5 . . ?  
C14 C15 H15 119.5 . . ?  
C17 C16 C15 119.7(5) . . ?  
C17 C16 H16 120.2 . . ?  
C15 C16 H16 120.2 . . ?  
C16 C17 C18 120.3(5) . . ?  
C16 C17 H17 119.8 . . ?  
C18 C17 H17 119.8 . . ?  
C19 C18 C17 120.5(5) . . ?  
C19 C18 H18 119.7 . . ?  
C17 C18 H18 119.7 . . ?  
C18 C19 C14 119.5(5) . . ?  
C18 C19 C20 118.6(5) . . ?  
C14 C19 C20 122.0(4) . . ?  
N1 C20 C19 112.8(4) . . ?  
N1 C20 H20A 109.0 . . ?  
C19 C20 H20A 109.0 . . ?  
N1 C20 H20B 109.0 . . ?  502 
 
C19 C20 H20B 109.0 . . ?  
H20A C20 H20B 107.8 . . ?  
C26 C21 C22 118.1(5) . . ?  
C26 C21 Sb3 122.9(4) . . ?  
C22 C21 Sb3 118.9(4) . . ?  
C23 C22 C21 121.5(5) . . ?  
C23 C22 H22 119.3 . . ?  
C21 C22 H22 119.3 . . ?  
C22 C23 C24 120.2(5) . . ?  
C22 C23 H23 119.9 . . ?  
C24 C23 H23 119.9 . . ?  
C25 C24 C23 119.3(5) . . ?  
C25 C24 H24 120.4 . . ?  
C23 C24 H24 120.4 . . ?  
C24 C25 C26 121.3(5) . . ?  
C24 C25 H25 119.4 . . ?  
C26 C25 H25 119.4 . . ?  
C21 C26 C25 119.6(5) . . ?  
C21 C26 C27 122.5(5) . . ?  
C25 C26 C27 117.9(5) . . ?  
N1 C27 C26 115.3(4) . . ?  
N1 C27 H27A 108.5 . . ?  
C26 C27 H27A 108.5 . . ?  
N1 C27 H27B 108.5 . . ?  
C26 C27 H27B 108.5 . . ?  
H27A C27 H27B 107.5 . . ?  
Cl2 C28 Cl1 111.4(4) . . ?  
Cl2 C28 H28A 109.4 . . ?  
Cl1 C28 H28A 109.4 . . ?  
Cl2 C28 H28B 109.4 . . ?  
Cl1 C28 H28B 109.4 . . ?  
H28A C28 H28B 108.0 . . ?  
Cl4 C29 Cl3 112.4(4) . . ?  
Cl4 C29 H29A 109.1 . . ?  
Cl3 C29 H29A 109.1 . . ?  
Cl4 C29 H29B 109.1 . . ?  
Cl3 C29 H29B 109.1 . . ?  
H29A C29 H29B 107.8 . . ?  
  
_diffrn_measured_fraction_theta_max    0.995  
_diffrn_reflns_theta_full              27.48  
_diffrn_measured_fraction_theta_full   0.995  
_refine_diff_density_max    0.825  
_refine_diff_density_min   -0.859  









_audit_creation_method          'SHELXL-97 + hand edit'     
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_audit_creation_date            '2012-06-17' 





 tetracopper(I)  
; 
 
# C27H36NSb3 = N(CH2C6H4(SbMe2))3 
# N,N-bis[2-(dimethylstibino)benzyl]-1-[2-(dimethylstibino)phenyl]methanamine  
# (ACD iLab defaults) 
# N,N-bis[2-(dimethylstibanyl)benzyl]-1-[2-(dimethylstibanyl)phenyl]methanamine  
# (ACD iLab selected options) 
# N,N,N-tris[2-(dimethylstibanyl)benzyl]azane  
# (mw ?  Latest 'Red' book gives azane for derivatives of ammonia) 
 
 
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety         'C54 H72 Br4 Cu4 N2 Sb6'   
_chemical_formula_sum            'C54 H72 Br4 Cu4 N2 Sb6'  
_chemical_formula_structural     '((C27 H36 N Sb3)2 (Br4 Cu4))'  
_chemical_formula_weight          2053.44  




 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cu'  'Cu'   0.3201   1.2651  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2901   2.4595  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Sb'  'Sb'  -0.5866   1.5461  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 
_symmetry_cell_setting             Monoclinic  
_symmetry_space_group_name_H-M    'C 2/c' 
_space_group_IT_number             15          




 _symmetry_equiv_pos_as_xyz  504 
 
 'x, y, z'  
 '-x, y, -z+1/2'  
 'x+1/2, y+1/2, z'  
 '-x+1/2, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y, z-1/2'  
 '-x+1/2, -y+1/2, -z'  
 'x+1/2, -y+1/2, z-1/2'  
  
_cell_length_a                    17.908(6)  
_cell_length_b                    14.592(4)  
_cell_length_c                    26.275(9)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  109.250(8)  
_cell_angle_gamma                 90.00  
_cell_volume                      6482(3)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     100(2) 
_cell_measurement_reflns_used     17816 
_cell_measurement_theta_min       3.2 
_cell_measurement_theta_max       27.5 
  
_exptl_crystal_description        rod 
_exptl_crystal_colour             colourless 
_exptl_crystal_size_max           0.10  
_exptl_crystal_size_mid           0.03  
_exptl_crystal_size_min           0.02  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.104  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              3888  
_exptl_absorpt_coefficient_mu     6.242 
_exptl_absorpt_correction_type    Multi-scan 
_exptl_absorpt_correction_T_max   1.000 
_exptl_absorpt_correction_T_min   0.708 
_exptl_absorpt_process_details     
; 
Jacobson, R. (1998). REQAB. Private communication to the  





 ?  
;  
  
_diffrn_ambient_temperature       100(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_monochromator   'Confocal' 
_diffrn_radiation_collimation    'Confocal mirrors, VHF VariMax ' 
 
_diffrn_source                    'Rotating anode X-ray tube' 




_diffrn_measurement_device        'Four-circle \k diffractometer'  
_diffrn_measurement_device_type   'Rigaku AFC12 ' 
_diffrn_measurement_method        'Profile data from \w-scans'  
 
_diffrn_detector                  'CCD plate' 
_diffrn_detector_type             'Rigaku HG Saturn724+ (2x2 bin mode)' 
_diffrn_detector_area_resol_mean   28.5714 
 
_diffrn_standards_number          0 
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             21141  
_diffrn_reflns_av_R_equivalents   0.0306  
_diffrn_reflns_av_sigmaI/netI     0.0343  
_diffrn_reflns_limit_h_min        -23  
_diffrn_reflns_limit_h_max        21  
_diffrn_reflns_limit_k_min        -15  
_diffrn_reflns_limit_k_max        18  
_diffrn_reflns_limit_l_min        -33  
_diffrn_reflns_limit_l_max        34  
_diffrn_reflns_theta_min          3.24  
_diffrn_reflns_theta_max          27.48  
_reflns_number_total              7306  
_reflns_number_gt                 6317  
_reflns_threshold_expression      I>2\s(I)  
 
_computing_data_collection 
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_cell_refinement  
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_data_reduction    
   'CrystalClear-SM Expert 2.0 r7 (Rigaku, 2011)' 
_computing_structure_solution  
   'SHELXS-97 (Sheldrick, 1997)'  
_computing_structure_refinement   
   'SHELXL-97 (Sheldrick, 2008)'  
_computing_molecular_graphics     ?  






 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
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_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'w=1/[\s^2^(Fo^2^)+(0.0221P)^2^+46.2412P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          7306  
_refine_ls_number_parameters      322  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0398  
_refine_ls_R_factor_gt            0.0311  
_refine_ls_wR_factor_ref          0.0683  
_refine_ls_wR_factor_gt           0.0650  
_refine_ls_goodness_of_fit_ref    1.066  
_refine_ls_restrained_S_all       1.066  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Sb1 Sb 0.301538(17) 0.419028(18) 0.455077(10) 0.01543(7) Uani 1 1 d . . .  
Sb2 Sb 0.167881(16) 0.557206(19) 0.323178(11) 0.01593(7) Uani 1 1 d . . .  
Sb3 Sb 0.390483(17) 0.463561(19) 0.334127(11) 0.01547(7) Uani 1 1 d . . .  
Br1 Br 0.37925(3) 0.66985(3) 0.428159(17) 0.01957(9) Uani 1 1 d . . .  
Br2 Br 0.19115(3) 0.62762(3) 0.48707(2) 0.03102(12) Uani 1 1 d . . .  
Cu1 Cu 0.30733(3) 0.53440(3) 0.385161(19) 0.01511(11) Uani 1 1 d . . .  
Cu2 Cu 0.29595(4) 0.71881(4) 0.47526(2) 0.02682(13) Uani 1 1 d . . .  
N1 N 0.2301(2) 0.3146(2) 0.31995(13) 0.0151(7) Uani 1 1 d . . .  
C1 C 0.3753(3) 0.4453(4) 0.53616(18) 0.0322(11) Uani 1 1 d . . .  
H1A H 0.3530 0.4958 0.5511 0.048 Uiso 1 1 calc R . .  
H1B H 0.4285 0.4619 0.5365 0.048 Uiso 1 1 calc R . .  
H1C H 0.3783 0.3902 0.5580 0.048 Uiso 1 1 calc R . .  
C2 C 0.2007(3) 0.3722(3) 0.47419(18) 0.0238(10) Uani 1 1 d . . .  
H2A H 0.2168 0.3236 0.5014 0.036 Uiso 1 1 calc R . .  
H2B H 0.1610 0.3482 0.4416 0.036 Uiso 1 1 calc R . .  
H2C H 0.1780 0.4234 0.4884 0.036 Uiso 1 1 calc R . .  
C3 C 0.0979(3) 0.6728(3) 0.3298(2) 0.0274(10) Uani 1 1 d . . .     
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H3A H 0.0421 0.6605 0.3098 0.041 Uiso 1 1 calc R . .  
H3B H 0.1152 0.7271 0.3148 0.041 Uiso 1 1 calc R . .  
H3C H 0.1043 0.6836 0.3678 0.041 Uiso 1 1 calc R . .  
C4 C 0.1318(3) 0.5564(3) 0.23660(17) 0.0238(10) Uani 1 1 d . . .  
H4A H 0.1704 0.5219 0.2251 0.036 Uiso 1 1 calc R . .  
H4B H 0.1289 0.6195 0.2233 0.036 Uiso 1 1 calc R . .  
H4C H 0.0797 0.5274 0.2219 0.036 Uiso 1 1 calc R . .  
C5 C 0.4772(3) 0.3565(3) 0.35927(19) 0.0270(10) Uani 1 1 d . . .  
H5A H 0.4530 0.3019 0.3689 0.040 Uiso 1 1 calc R . .  
H5B H 0.5211 0.3771 0.3906 0.040 Uiso 1 1 calc R . .  
H5C H 0.4972 0.3416 0.3297 0.040 Uiso 1 1 calc R . .  
C6 C 0.4679(3) 0.5617(3) 0.31683(19) 0.0273(10) Uani 1 1 d . . .  
H6A H 0.4975 0.5322 0.2959 0.041 Uiso 1 1 calc R . .  
H6B H 0.5049 0.5852 0.3507 0.041 Uiso 1 1 calc R . .  
H6C H 0.4366 0.6125 0.2960 0.041 Uiso 1 1 calc R . .  
C7 C 0.3533(3) 0.2903(3) 0.44343(16) 0.0169(8) Uani 1 1 d . . .  
C8 C 0.4287(3) 0.2698(3) 0.47841(17) 0.0205(9) Uani 1 1 d . . .  
H8 H 0.4545 0.3117 0.5063 0.025 Uiso 1 1 calc R . .  
C9 C 0.4667(3) 0.1892(3) 0.47328(18) 0.0250(10) Uani 1 1 d . . .  
H9 H 0.5182 0.1764 0.4974 0.030 Uiso 1 1 calc R . .  
C10 C 0.4294(3) 0.1279(3) 0.43291(18) 0.0242(10) Uani 1 1 d . . .  
H10 H 0.4548 0.0723 0.4294 0.029 Uiso 1 1 calc R . .  
C11 C 0.3541(3) 0.1481(3) 0.39720(17) 0.0214(9) Uani 1 1 d . . .  
H11 H 0.3288 0.1058 0.3694 0.026 Uiso 1 1 calc R . .  
C12 C 0.3154(3) 0.2289(3) 0.40154(16) 0.0162(8) Uani 1 1 d . . .  
C13 C 0.2333(3) 0.2464(3) 0.36228(16) 0.0178(8) Uani 1 1 d . . .  
H13A H 0.2113 0.1878 0.3447 0.021 Uiso 1 1 calc R . .  
H13B H 0.1990 0.2677 0.3827 0.021 Uiso 1 1 calc R . .  
C14 C 0.0925(2) 0.4511(3) 0.33514(16) 0.0167(8) Uani 1 1 d . . .  
C15 C 0.0431(3) 0.4719(3) 0.36506(17) 0.0195(9) Uani 1 1 d . . .  
H15 H 0.0430 0.5325 0.3783 0.023 Uiso 1 1 calc R . .  
C16 C -0.0060(3) 0.4059(3) 0.37596(18) 0.0242(10) Uani 1 1 d . . .  
H16 H -0.0390 0.4214 0.3965 0.029 Uiso 1 1 calc R . .  
C17 C -0.0063(3) 0.3176(3) 0.35656(17) 0.0232(10) Uani 1 1 d . . .  
H17 H -0.0397 0.2722 0.3635 0.028 Uiso 1 1 calc R . .  
C18 C 0.0427(3) 0.2960(3) 0.32691(17) 0.0210(9) Uani 1 1 d . . .  
H18 H 0.0419 0.2355 0.3134 0.025 Uiso 1 1 calc R . .  
C19 C 0.0931(2) 0.3607(3) 0.31634(16) 0.0176(8) Uani 1 1 d . . .  
C20 C 0.1468(2) 0.3291(3) 0.28574(16) 0.0164(8) Uani 1 1 d . . .  
H20A H 0.1258 0.2710 0.2670 0.020 Uiso 1 1 calc R . .  
H20B H 0.1454 0.3753 0.2579 0.020 Uiso 1 1 calc R . .  
C21 C 0.3280(3) 0.4211(3) 0.25298(16) 0.0168(8) Uani 1 1 d . . .  
C22 C 0.3311(3) 0.4759(3) 0.21018(18) 0.0215(9) Uani 1 1 d . . .  
H22 H 0.3629 0.5296 0.2175 0.026 Uiso 1 1 calc R . .  
C23 C 0.2884(3) 0.4533(3) 0.15682(18) 0.0249(10) Uani 1 1 d . . .  
H23 H 0.2923 0.4904 0.1281 0.030 Uiso 1 1 calc R . .  
C24 C 0.2405(3) 0.3767(3) 0.14614(17) 0.0261(10) Uani 1 1 d . . .  
H24 H 0.2106 0.3615 0.1100 0.031 Uiso 1 1 calc R . .  
C25 C 0.2360(3) 0.3215(3) 0.18842(17) 0.0199(9) Uani 1 1 d . . .  
H25 H 0.2033 0.2686 0.1807 0.024 Uiso 1 1 calc R . .  
C26 C 0.2788(3) 0.3429(3) 0.24171(16) 0.0170(8) Uani 1 1 d . . .  
C27 C 0.2740(3) 0.2783(3) 0.28562(16) 0.0170(8) Uani 1 1 d . . .  
H27A H 0.2484 0.2208 0.2686 0.020 Uiso 1 1 calc R . .  




 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Sb1 0.01677(15) 0.01620(14) 0.01450(12) 0.00006(10) 0.00674(10) -0.00028(11)  
Sb2 0.01099(13) 0.01777(14) 0.01864(13) 0.00141(10) 0.00434(10) -0.00198(10)  
Sb3 0.01471(14) 0.01741(14) 0.01639(13) -0.00190(10) 0.00798(10) -0.00158(11)  
Br1 0.0167(2) 0.0197(2) 0.0242(2) -0.00583(16) 0.00932(17) -0.00441(16)  
Br2 0.0335(3) 0.0268(2) 0.0394(3) -0.0092(2) 0.0211(2) -0.0048(2)  
Cu1 0.0128(3) 0.0170(2) 0.0161(2) -0.00048(19) 0.00555(19) -0.00136(19)  
Cu2 0.0268(3) 0.0297(3) 0.0270(3) -0.0021(2) 0.0130(2) 0.0032(2)  
N1 0.0143(18) 0.0175(17) 0.0149(15) -0.0020(13) 0.0067(13) 0.0007(14)  
C1 0.034(3) 0.039(3) 0.018(2) -0.010(2) 0.001(2) 0.002(2)  
C2 0.026(3) 0.024(2) 0.029(2) 0.0032(19) 0.018(2) 0.0003(19)  
C3 0.022(3) 0.019(2) 0.043(3) 0.002(2) 0.012(2) 0.0047(18)  
C4 0.024(2) 0.030(2) 0.016(2) 0.0039(17) 0.0042(17) -0.0041(19)  
C5 0.021(2) 0.027(2) 0.031(2) 0.0013(19) 0.006(2) 0.0084(19)  
C6 0.031(3) 0.026(2) 0.029(2) 0.0008(19) 0.014(2) -0.010(2)  
C7 0.019(2) 0.015(2) 0.0187(19) 0.0025(16) 0.0093(17) 0.0000(16)  
C8 0.019(2) 0.024(2) 0.0178(19) 0.0005(17) 0.0056(17) -0.0006(18)  
C9 0.017(2) 0.029(2) 0.029(2) 0.0057(19) 0.0070(19) 0.0040(19)  
C10 0.027(3) 0.021(2) 0.030(2) 0.0043(18) 0.016(2) 0.0079(19)  
C11 0.026(3) 0.019(2) 0.023(2) -0.0008(17) 0.0127(18) 0.0009(18)  
C12 0.018(2) 0.018(2) 0.0150(18) 0.0018(15) 0.0081(16) -0.0014(16)  
C13 0.022(2) 0.015(2) 0.0174(19) 0.0012(16) 0.0072(17) -0.0033(17)  
C14 0.009(2) 0.024(2) 0.0162(19) 0.0033(16) 0.0036(15) -0.0037(16)  
C15 0.013(2) 0.022(2) 0.024(2) 0.0015(17) 0.0065(17) -0.0015(17)  
C16 0.016(2) 0.035(3) 0.027(2) 0.0047(19) 0.0131(18) -0.0003(19)  
C17 0.016(2) 0.028(2) 0.026(2) 0.0013(19) 0.0081(18) -0.0093(18)  
C18 0.014(2) 0.025(2) 0.023(2) 0.0008(17) 0.0042(17) -0.0048(17)  
C19 0.011(2) 0.022(2) 0.0179(19) 0.0009(16) 0.0035(16) -0.0024(16)  
C20 0.014(2) 0.019(2) 0.0165(19) 0.0002(16) 0.0052(16) -0.0033(16)  
C21 0.016(2) 0.020(2) 0.0176(19) -0.0014(16) 0.0095(16) 0.0015(16)  
C22 0.021(2) 0.020(2) 0.026(2) 0.0011(17) 0.0108(18) 0.0000(18)  
C23 0.028(3) 0.030(3) 0.020(2) 0.0055(18) 0.0124(19) 0.003(2)  
C24 0.027(3) 0.035(3) 0.017(2) -0.0024(18) 0.0077(18) 0.003(2)  
C25 0.016(2) 0.023(2) 0.021(2) -0.0034(17) 0.0070(17) 0.0000(17)  
C26 0.016(2) 0.021(2) 0.0173(19) -0.0015(16) 0.0088(16) 0.0023(16)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  
 treatment of cell esds is used for estimating esds involving l.s. planes.  





 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Sb1 C1 2.139(4) . ?  
Sb1 C2 2.140(4) . ?  
Sb1 C7 2.160(4) . ?  
Sb1 Cu1 2.5190(8) . ?  
Sb2 C3 2.142(4) . ?  
Sb2 C14 2.145(4) . ?  
Sb2 C4 2.150(4) . ?  
Sb2 Cu1 2.5134(9) . ?  
Sb3 C6 2.143(4) . ?  
Sb3 C21 2.147(4) . ?  
Sb3 C5 2.148(4) . ?  
Sb3 Cu1 2.5300(7) . ?  
Br1 Cu2 2.3419(9) . ?  
Br1 Cu1 2.4253(8) . ?  
Br2 Cu2 2.4027(9) . ?  
Br2 Cu2 2.4297(9) 7_566 ?  
Cu2 Br2 2.4297(10) 7_566 ?  
Cu2 Cu2 2.5763(12) 7_566 ?  
N1 C27 1.476(5) . ?  
N1 C13 1.480(5) . ?  
N1 C20 1.481(5) . ?  
C1 H1A 0.9800 . ?  
C1 H1B 0.9800 . ?  
C1 H1C 0.9800 . ?  
C2 H2A 0.9800 . ?  
C2 H2B 0.9800 . ?  
C2 H2C 0.9800 . ?  
C3 H3A 0.9800 . ?  
C3 H3B 0.9800 . ?  
C3 H3C 0.9800 . ?  
C4 H4A 0.9800 . ?  
C4 H4B 0.9800 . ?  
C4 H4C 0.9800 . ?  
C5 H5A 0.9800 . ?  
C5 H5B 0.9800 . ?  
C5 H5C 0.9800 . ?  
C6 H6A 0.9800 . ?  
C6 H6B 0.9800 . ?  
C6 H6C 0.9800 . ?  
C7 C8 1.393(6) . ?  
C7 C12 1.408(6) . ?  
C8 C9 1.387(6) . ?  
C8 H8 0.9500 . ?  
C9 C10 1.380(7) . ?  
C9 H9 0.9500 . ?  
C10 C11 1.397(6) . ?  
C10 H10 0.9500 . ?  510 
 
C11 C12 1.391(6) . ?  
C11 H11 0.9500 . ?  
C12 C13 1.514(6) . ?  
C13 H13A 0.9900 . ?  
C13 H13B 0.9900 . ?  
C14 C15 1.396(6) . ?  
C14 C19 1.409(6) . ?  
C15 C16 1.397(6) . ?  
C15 H15 0.9500 . ?  
C16 C17 1.385(7) . ?  
C16 H16 0.9500 . ?  
C17 C18 1.388(6) . ?  
C17 H17 0.9500 . ?  
C18 C19 1.396(6) . ?  
C18 H18 0.9500 . ?  
C19 C20 1.515(6) . ?  
C20 H20A 0.9900 . ?  
C20 H20B 0.9900 . ?  
C21 C22 1.395(6) . ?  
C21 C26 1.414(6) . ?  
C22 C23 1.397(6) . ?  
C22 H22 0.9500 . ?  
C23 C24 1.381(7) . ?  
C23 H23 0.9500 . ?  
C24 C25 1.396(6) . ?  
C24 H24 0.9500 . ?  
C25 C26 1.392(6) . ?  
C25 H25 0.9500 . ?  
C26 C27 1.513(6) . ?  
C27 H27A 0.9900 . ?  
C27 H27B 0.9900 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 Sb1 C2 96.6(2) . . ?  
C1 Sb1 C7 98.27(18) . . ?  
C2 Sb1 C7 100.96(17) . . ?  
C1 Sb1 Cu1 116.49(15) . . ?  
C2 Sb1 Cu1 128.71(13) . . ?  
C7 Sb1 Cu1 110.81(11) . . ?  
C3 Sb2 C14 98.23(18) . . ?  
C3 Sb2 C4 96.33(19) . . ?  
C14 Sb2 C4 99.62(16) . . ?  
C3 Sb2 Cu1 122.33(14) . . ?  
C14 Sb2 Cu1 110.39(11) . . ?  
C4 Sb2 Cu1 124.92(13) . . ?  
C6 Sb3 C21 98.25(17) . . ?  
C6 Sb3 C5 95.7(2) . . ?     
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C21 Sb3 C5 100.53(17) . . ?  
C6 Sb3 Cu1 111.97(13) . . ?  
C21 Sb3 Cu1 116.07(11) . . ?  
C5 Sb3 Cu1 128.80(13) . . ?  
Cu2 Br1 Cu1 99.31(3) . . ?  
Cu2 Br2 Cu2 64.43(3) . 7_566 ?  
Br1 Cu1 Sb2 117.10(3) . . ?  
Br1 Cu1 Sb1 110.38(3) . . ?  
Sb2 Cu1 Sb1 106.86(3) . . ?  
Br1 Cu1 Sb3 105.36(3) . . ?  
Sb2 Cu1 Sb3 110.08(3) . . ?  
Sb1 Cu1 Sb3 106.64(3) . . ?  
Br1 Cu2 Br2 124.06(3) . . ?  
Br1 Cu2 Br2 120.33(3) . 7_566 ?  
Br2 Cu2 Br2 115.57(3) . 7_566 ?  
Br1 Cu2 Cu2 176.93(4) . 7_566 ?  
Br2 Cu2 Cu2 58.29(3) . 7_566 ?  
Br2 Cu2 Cu2 57.28(3) 7_566 7_566 ?  
C27 N1 C13 108.8(3) . . ?  
C27 N1 C20 108.2(3) . . ?  
C13 N1 C20 109.5(3) . . ?  
Sb1 C1 H1A 109.5 . . ?  
Sb1 C1 H1B 109.5 . . ?  
H1A C1 H1B 109.5 . . ?  
Sb1 C1 H1C 109.5 . . ?  
H1A C1 H1C 109.5 . . ?  
H1B C1 H1C 109.5 . . ?  
Sb1 C2 H2A 109.5 . . ?  
Sb1 C2 H2B 109.5 . . ?  
H2A C2 H2B 109.5 . . ?  
Sb1 C2 H2C 109.5 . . ?  
H2A C2 H2C 109.5 . . ?  
H2B C2 H2C 109.5 . . ?  
Sb2 C3 H3A 109.5 . . ?  
Sb2 C3 H3B 109.5 . . ?  
H3A C3 H3B 109.5 . . ?  
Sb2 C3 H3C 109.5 . . ?  
H3A C3 H3C 109.5 . . ?  
H3B C3 H3C 109.5 . . ?  
Sb2 C4 H4A 109.5 . . ?  
Sb2 C4 H4B 109.5 . . ?  
H4A C4 H4B 109.5 . . ?  
Sb2 C4 H4C 109.5 . . ?  
H4A C4 H4C 109.5 . . ?  
H4B C4 H4C 109.5 . . ?  
Sb3 C5 H5A 109.5 . . ?  
Sb3 C5 H5B 109.5 . . ?  
H5A C5 H5B 109.5 . . ?  
Sb3 C5 H5C 109.5 . . ?  
H5A C5 H5C 109.5 . . ?  
H5B C5 H5C 109.5 . . ?  
Sb3 C6 H6A 109.5 . . ?  
Sb3 C6 H6B 109.5 . . ?  
H6A C6 H6B 109.5 . . ?  512 
 
Sb3 C6 H6C 109.5 . . ?  
H6A C6 H6C 109.5 . . ?  
H6B C6 H6C 109.5 . . ?  
C8 C7 C12 119.4(4) . . ?  
C8 C7 Sb1 117.5(3) . . ?  
C12 C7 Sb1 123.1(3) . . ?  
C9 C8 C7 121.2(4) . . ?  
C9 C8 H8 119.4 . . ?  
C7 C8 H8 119.4 . . ?  
C10 C9 C8 119.7(4) . . ?  
C10 C9 H9 120.2 . . ?  
C8 C9 H9 120.2 . . ?  
C9 C10 C11 119.7(4) . . ?  
C9 C10 H10 120.2 . . ?  
C11 C10 H10 120.2 . . ?  
C12 C11 C10 121.3(4) . . ?  
C12 C11 H11 119.3 . . ?  
C10 C11 H11 119.3 . . ?  
C11 C12 C7 118.6(4) . . ?  
C11 C12 C13 119.1(4) . . ?  
C7 C12 C13 122.3(4) . . ?  
N1 C13 C12 114.4(3) . . ?  
N1 C13 H13A 108.7 . . ?  
C12 C13 H13A 108.7 . . ?  
N1 C13 H13B 108.7 . . ?  
C12 C13 H13B 108.7 . . ?  
H13A C13 H13B 107.6 . . ?  
C15 C14 C19 118.7(4) . . ?  
C15 C14 Sb2 118.1(3) . . ?  
C19 C14 Sb2 123.1(3) . . ?  
C14 C15 C16 121.6(4) . . ?  
C14 C15 H15 119.2 . . ?  
C16 C15 H15 119.2 . . ?  
C17 C16 C15 119.5(4) . . ?  
C17 C16 H16 120.3 . . ?  
C15 C16 H16 120.3 . . ?  
C16 C17 C18 119.4(4) . . ?  
C16 C17 H17 120.3 . . ?  
C18 C17 H17 120.3 . . ?  
C17 C18 C19 121.9(4) . . ?  
C17 C18 H18 119.1 . . ?  
C19 C18 H18 119.1 . . ?  
C18 C19 C14 118.9(4) . . ?  
C18 C19 C20 117.7(4) . . ?  
C14 C19 C20 123.4(4) . . ?  
N1 C20 C19 114.2(3) . . ?  
N1 C20 H20A 108.7 . . ?  
C19 C20 H20A 108.7 . . ?  
N1 C20 H20B 108.7 . . ?  
C19 C20 H20B 108.7 . . ?  
H20A C20 H20B 107.6 . . ?  
C22 C21 C26 118.8(4) . . ?  
C22 C21 Sb3 119.3(3) . . ?  
C26 C21 Sb3 121.7(3) . . ?     
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C21 C22 C23 121.3(4) . . ?  
C21 C22 H22 119.4 . . ?  
C23 C22 H22 119.4 . . ?  
C24 C23 C22 119.5(4) . . ?  
C24 C23 H23 120.2 . . ?  
C22 C23 H23 120.2 . . ?  
C23 C24 C25 120.0(4) . . ?  
C23 C24 H24 120.0 . . ?  
C25 C24 H24 120.0 . . ?  
C26 C25 C24 121.0(4) . . ?  
C26 C25 H25 119.5 . . ?  
C24 C25 H25 119.5 . . ?  
C25 C26 C21 119.3(4) . . ?  
C25 C26 C27 118.5(4) . . ?  
C21 C26 C27 122.1(4) . . ?  
N1 C27 C26 114.7(3) . . ?  
N1 C27 H27A 108.6 . . ?  
C26 C27 H27A 108.6 . . ?  
N1 C27 H27B 108.6 . . ?  
C26 C27 H27B 108.6 . . ?  
H27A C27 H27B 107.6 . . ?  
  
_diffrn_measured_fraction_theta_max    0.985  
_diffrn_reflns_theta_full              27.48  
_diffrn_measured_fraction_theta_full   0.985  
_refine_diff_density_max    0.795  
_refine_diff_density_min   -1.123  
_refine_diff_density_rms    0.145 
******************************************************************************************* 
 